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MAGNETISM AND ELECTRICITY. 



I. Magnetism. — 11. Static Electricity.— IIL JDynamic or VoUaie 
Electricity. — IV. ElectTo-Magrhetiam. — . Magneio-Electrir 
city. — VL Thermo-Electridty. — VII. Animal Electricity. 
— III. Diamagnetism. 

(214) The forces of magnetism and electricitj" are now found 
to be so intimately related, that it is hardly possible to study the 
operations of either separately. 

The power of the loadstone to attract small pieces of iron was 
recognised as a remarkable natural phenomenon for centuries 
before the Christian era ; and the * pointing ' of the magnetic 
needle north and south, was early applied to the purposes of 
navigation bv the Chinese; but it was not employed for that 
purpose by European nations till the latter end of the fifteenth 
century. The property of temporarily attracting light objects 
which amber acquires when rubbed, was also familiar to the G re- 
cian philosophers ; but it was not till about 260 years ago that 
Gilbert laid the foundation of electrical science, and that Otto de 
Guericke and Hauksbee contrived the first electrical machines. 
Nautical men, likewise, had often observed that after a ship had 
experienced a stroke of lightning, the compass was deranged or 
its poles were reversed ; but it was not until the year 1819 that 
the true connexion between electricity and magnetism was 
pointed out by Oersted, when he published his memorable dis- 
covery, that a magnetic needle if suspended freely at its centre, 
would place itself at right angles to a wire which was transmit- 
ting an electric current. After the publication of Oersted's dis- 
covery, the means of obtaining powerful temporary magnets by 
transmitting electrical currents through wires coiled around 
masses of soft iron, or in other words, the methods of preparing 
electro-magnets, were speedily devised ; and thus the dependence 
of magnetism on electricity in motion was shown ; whilst in 1831 

W „3 




814 



ICAGIVETISM. 



the completion of this chain of discovery waa effected by Fara- 
day, who announced that a current of electricity might be ob- 
tained in a closed conducting wire from the magnet, by moying 
it across the line of the conductor. 

In its chemical bearings, particular importance attaches to 
Volta's invention of the voltaic pile or battery, which, in the 
hands of Davy, led to the discovery of the metallic bases of the 
alkalies and of the earths, and effected a complete change in the 
aspect of chemical science. In later years, the applications of 
the voltaic battery to the chemical arts of gilding, silvering, zinc- 
ing, &c., have rendered it an instrument of great importance in 
the industrial arts. 

§ I. Magnetism. 

(215) It will not be necessary to enter fully into the subject 
ol magnetism, but a few remarks upon the more important pecu- 
liarities of this force will materially aid in fixing upon the mind 
clear ideas of polarity and polar action. 

Electricity is, like magnetism, a polar force, and the pheno- 
mena of chemiciJ attraction also fall into the class of polar actions. 

The most obvious character of magnetism is seen in the power 
of attracting masses of iron, which is displayed to a greater or 
less extent by magnetized bodies. This power of attracting iron 
was first observed by the ancients in an iron ore obtained from 
Magnesia in Asia Minor ; hence the property was termed magnet- 
i^niy and when in more recent times its directive property was 
observed, the mineral itself was named the leddrstone or load- 
stone. A steel bar if rubbed in one direction with the loadstone 
acquires similar properties ; when poised horizontallv, as may 
be done by supporting it upon a point, such a bar will take up 
a fixed position with regard to the poles of the earth ; in this 
country it will point nearly north and south. The end of a 
magnetic bar which points towards the north is distinguished by 
a mark, and is hence often termed the ma/rked end of the mag- 
net. This peculiarity in the magnet of taking a fixed direction, 
renders it invaluable to the navigator. A magnetized needle 
attached to a card marked with the cardinal points, and properly 
poised, constitutes the marmer^s compass. 

If a sheet of paper be laid over a magnetized steel bar, and 
iron filings be evenly sifted upon the paper, it will be found, on 
gently tapping the paper, that the particles of iron accumulate in 
two groups, one around each extremity of the bar as a centre, 
and that from these points the filings' arrange themselves in 
curved lines, somewhat resembling those shown in fig. 153, ex- 
tending from one end of the bar to the other. This experiment 
shows that the attractive forces are concentrated near the two 
extremities of such a bar. A soft iron wire freely suspended at 
its centre in a horizontal direction, will be attracted indifferently 
at both ends by either end of the magnetic bar ; but if a second 
magnetic bar be poised in the same way as the iron wire, it will 
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be found that one end of this bar will be attracted when the 
magnet is brought near it in one direction, whilst the same end 
will be repelled if the opposite end 
of the magnet be presented to it. 
Further examination shows, that 
this repulsion takes place when 
the enos presented to each other 
are those which would naturally 
point in the same direction ; two 
north ends repel each other, and 
similar repulsion ensues when two 
south ends are presented to each 
other; whereas, if the extremities presented naturally point in 
opposite directions, attraction ensues between them ; the north 
end of one bar attracts the south end of the other. Thus it ap- 
pears that there are two kinds of magnetism endowed with quali- 
ties analogous, but opposite, to each other. The two magnetic 
forces are always developed simultaneously, are always equal in 
amount, but are opposite in their tendencies: and thus are capa* 
ble of exactly neutralizing each other. They accumulate at 
opposite ends of the bar. These ends are termed the poles of the 
magnet. Forces which exhibit these combinations or two equal 
powers, which act in opposite directions, are termed polar fa7*Ges. 

(216) Magnetic Iriuuetion. — Magnetism acts through con- 
siderable intervals of non-magnetic matter upon bodies such as 
iron, which are susceptible of magnetism, and it produces a tem- 
porary development of magnetism in such magnetizable substan- 
ces. A piece of soft iron brought near to a magnet immediately 
assumes the magnetic state. This influence of the magnet oper- 
ating at a distance is termed magnetic vndud/ion^ and it is in con- 
sequence of this action that the iron is attracted. If the north 
end, N. of a magnet, l (fig. 154), be presented to a piece of soft 
iron, tne latter becomes a magnet with its poles 
similarly arranged ; that is to say, the soft iron ac- 
quires m the extremity s, presented to the per- 
manent magnet, magnetism of the opposite kind 
to that of the end, n, of the magnet, l, which it is 
made to approach. The soft iron will now attract 
other pieces of iron, s n^ a n^ and they in turn will 
act upon others by a continuation of the inductive 
force. • On gradually removing the permanent 
magnet, the effects diminish as the distance in- 
creases, and at length disappear altogether. This 
diminution in the eft'ect takes place much more 
rapidly than in the ratio of the squares of the dis- 
tance from the magnetic pole, bnt the exact law 
has not as yet been ascertained. The polar char- 
acter of magnetic induction may be seen by sus- 
pending two pieces of soft iron wire over one of the poles of a 
magnet s, (fig. 156) ; the lower end of the wires, n n, repel each 
other, but are both drawn towards the magnet, and the upper ex- 
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tremities, also repel each other. It is this mutual repulsion 
of the corresponding ends of the pieces of iron which causes the 
iron filings (fig. 153) to. distribute themselves in curves 
around the magnet ; for in this experiment each parti- 
cle of iron becomes for the time a magnet with oppo- 
site poles. It is likewise in consequence of this polari- 
ty that a number of pieces of fine iron wire under in- 
duction form a continuous chain. A bar of soft iron 
placed on a magnet of equal dimensions neutralizes its 
action for the time ; by connecting the two extremities 
of the magnet, it diverts the induction from surround-^ 
ing bodies, and concentrates it upon itself. On the 
other hand, the induction is much strengthened if the 
magnetic circle be completed, as in fig. 156, by uniting 
the piece of iron suspended from either pole by the 
connecting piece, a b. This induction is maintained 
across the greater number of bodies, such as atmos- 

Eheric air, glass, wood, and the metals. It is, however, modified 
y the intei^position of iron, cobalt, and nickel, which are them- 
selves powerfully susceptible of magnetism. 

Magnetic induction differs essentially from 
electric induction (228) in this particular — viz., 
that it is not possible to insulate either kind 
of magnetism from the other. For instance, 
if one end of the two united pieces of iron, 
s 8 n (fig. 156), exhibit the properties of a 
north ma^etic pole, the other end will exhib- 
it those ol a south magnetic pole ; but if the 
two pieces of iron, whilst still under the influ- 
ence of induction, be separated from each 
other, and then the magnet be withdrawn, both 
pieces of iron will have lost their magnetism. 
Again, if a magnet be broken in the middle, it 
will not be separated into one piece with a 
north and another with a south pole ; each 
fragment will still possess two poles, turned 
in the same direction as those of the original bar (fig. 157) ; and 
each fragment may again be subdivided into an indefinite num- 
ber of smaller fragments, each of which will still possess a north 
and a south pole. 

These phenomena may 
be explained by supposing 
that a magnet consists of a 
collection of particles, each 
of which is magnetic and 
magnetism. In the unmagnetized 
forces are mutually combined, and 
exactly neutralize each other ; but when the mass becomes mag- 
netized, the two forces are separated from each other, thoi^ 
without quitting the particle with which they were originally 
associated. The two halves of each particle assume an opposite 
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magnetic condition. All the north poles are disposed in one 
direction ; whilst all the sonth poles are disposed in the opposite 
direction. Each particle thus acqnires a polar condition, and 
adds its inductive loroe to that of all the otners ; as a necessary 
consequence of such an arrangement, the opposite powers become 
accumulated at the opposite extremities of the bar. If in iig. 

158 the small circles be taken to 

represent the ultimate magnetic i^s, 
particles, the portions in shadow 
would indicate the distribution of 5 
south ma^etism, whilst the un- 
shaded h^f of the particles would 
show the distribution of magnetism of the opposite kind. This 
hypothesis is supported by the fact that a maenet whilst produ- 
cmg induction loses none of its force, but on the contrary suffers 
temporary increase of power owing to the reaction of the induced 
magnetism of the soft iron upon it. 

(217) Preparation of Magnets. — Pure soft iron loses its mag- 
netism as soon as it is withdrawn from the inductive influence ; 
but the presence of certain foreign bodies in combination with 
the iron, particularly of oxygen, as in the natural loadstone, and 
of carbon, as in steel, enables the body to retain the magnetic 
power permanently. Hardened steel is always the material em- 
ployed in the preparation of permanent magnets ; it is not sus- 
ceptible of so intense a degree of magnetization as soft iron, but 
when induction has once been produced within it, the effect is 
retained for an indefinite length of time. The development of 
this power in steel is much facilitated by friction ; and the 
amount of force developed by this means is greatly dependent 
upon the direction in which the friction is performed. A simple 
method of magnetizing a bar consists in placing the bar on its 
side and bringing down upon one of its extremities either of the 
ends of a bar magnet. If the north end be brought down on the 
steel bar, it must be drawn slowly along towards that extremity 
of the bar which it is intended shall possess south mafirnetic force ; 
this operation must be repeated three or four times in the same 
direction. A more effectual plan is to bring down upon the cen- 
tre of the bar the two ends of a powerful 
hoi'seshoe magnet, as representea in fig. ^'iJ^^' 

159 ; the south pole being directed towards 
the end of the bar that is intended to pos- 
sess the northern polarity, and vice versa. 
It is then moved along the surface from the 
centre, alternately towards either extremity, . 
taking care not to carry the horseshoe be- 
yond the extremities of the bar, and to withdraw the horseshoe 
from the bar when at its centre c. The bar is then turned over 
and the process repeated on the opposite side, but in the same 
direction, for an equal number of times. When two bars are to 
be magnetized, they may be placed parallel to each other, the 
extrenuties being connected by pieces of soft iron. Both the 
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poleB of the horseshoe are brought down upon the centre of toe 
of the steel bars, and it is carried round the parallelogram always 
in the same direction, taking care, as before, to withdraw it when 
over the centre of one of the bars. In the last arrangement, the 
induction of one bar acts upon and exalts the intensity of the 
magnetism excited in the other. For this reason, the opjposite 
poles of magnets, when not in use, should be connected by pieces 
of soft iron, so that the continued induction shall maintam the 
force of each. 

In the act of ma^etization, the horseshoe loses nothing of its 
power ; but the norui and south ma^etism, which are supposed 
to exist in every particle of steel and iron, and which in the un- 
mamietized condition are so combined as exactly to neutralize 
eacn other, appear from the eflTect of the induction to which thejr 
have been suojected, to be permanently disturbed in their equili- 
brium in the newly-mametized bars. The/ more intense the 
power of the horseshoe, the greater is this disturbance, and the 
more powerful are the magnets which are produced. 

By uniting together several l;iar magnets, taking care that the 
corresponding poles of each are*^ the same direction, maaneUc 
hattenes of great power may be obtained. The magnets should 
be all as nearly as possible of the same strength ; because if one 
of the bars be weaker than the others, it materially diminishes 
the power of the whole, and acts in the same manner as a bar of 
soft iron would do, though to a more limited extent. As a matter 
of convenience, the bar magnet is often bent into the form of a 
horseshoe, so that the inductive and attractive power of both 
poles may be simultaneously exerted on the same piece of iron ; 
the effect is in this manner much increased, and tne weight sus- 
tahied by the two poles united is much greater than the sum of 
the two weights which would be supported by each pole sepa- 
rately. For this reason, the soft iron armatures jr, s, of a load- 
stone (fig. 154) add greatly to its power, and bv facilitating the 
application of the keeper^ or piece of soft iron which connects the 
two poles when not in use, prevent the loss of the magnetic power. 

(218) Injhience of MolecuLar Motions on Magnetism. — It has 
been mentioned that the friction of a steel bar, whilst under in- 
duction, facilitates its magnetization. The same effect is occa- 
sioned by percussion of the bar, or by any other mode of pro- 
ducing vibration in it whilst it is under magnetic induction. On 
the other hand, if a bar has been fiiUy magnetized, its force is 
reduced by the application of a sudden blow ; even the simple 
act of scratching the surface with sand-paper, or with a file, may 
seriously impair the power of a good magnet. 

The influence of neat on magnetism is remarkable. If a steel 
bar be ignited and placed under induction, and whilst still in this 
condition it be suddenly quenched, it will be found to be power- 
fully magnetic. Again, if a steel magnet be ignited, and allowed 
to cool slowly, all its acquired magnetism will have disappeared. 
Elevation of temperature, therefore, evidently favours the trans- 
fer of magnetic polarity within its particles. Further, if the tem- 
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perature of a piece of iron be raised to redness (about 1000® F.), 
it will become indifferent to the presence of a magnetic needle, 
though on again cooling it will be as active as before. A similar 
effect is produced upon cobalt at the temperature of melting 
copper.* Nickel, at a much lower temperature, loses its action 
upon the magnet, as at 600° it exerts scarcely any attractive 
effect on the needle. So great is the influence of temperature 
upon a magnetic bar, that at the boiling-point of water, the 
diminution of its power is perceptible by the rudest tests. If the 
temperature do not exceed 212°, the magnet regains its force on 
coolmg. On the other hand, by cooling a magnet artificially, its 
power is for the time exalted. 

(219) Measurement of Magnetic Intensity of a Bar. — The 
simplest method of ascertaining the intensity of the power of a 
magnet, consists in attaching to its armature a scale-pan, and 
ascertaining the amount of weight which it will support ; but it 
is obvious tnat this plan is not susceptible of anjr high desree of 
accuracy ; it is, moreover, in many cases, quite inapplicable. A 
still easier, and more generally useful, because far more accurate, 
method, consists in suspending the magnet horizontally at . its 
centre, by means of a few fibres of silk, and allowing it to take a 
fixed direction under the influence of a standard magnet ; it is 
then displaced from its position of equilibrium, and the number 
of oscillations which it describes in a given time is counted. The 
relative intensity of the power of two or more bars, which may 
thus be compared, is proportionate to the square of the number 
of vibrations performed in equal intervals of time. For esti- 
\nating low degrees of power, the torsion of a glass thread, as 
employed in Coulomb's electrometer (226), mav be used. The 
mutual action of two magnets is inversely as the square of the 
distance between them. . 

(220^ Magnetism of the Earth — The Dim. — The remarkable 
fact of tne pointing of the needle towards the north pole of the 
earth has been ex^ained upon the hypothesis that the globe of 
the earth itself is a magnet, 
the poles of which are situated 
nearly in the line of the axis 
of rotation ; the magnetism of 
the earth's north pole being 
of the same kind as that of 
the unmarked end of the mag- 
net. K a small magnetized 
needle, s n^ be freely suspend- 
ed horizontally by a thread 
over the equator of a sphere 
(fig. 160) nine or ten inches in 
diameter, passing through the 
centre of which a small magnetic bar, n s, at right angles to the 

* Faraday has, however, showu that the case of cobalt its magnetic power in- 
creases as the temperature rises until it teaches about 800°, beyond which it slowlj 
diminishesj and at length becomes nearly evanescent. (PAt/. Tram. 1856, 179). 
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S Dints of suspension of the globe, is placed, the needle will, when 
le ma^etic bar is horizontal, as in "No. 1, assume a direction 
parallel to the magnetic bar, and will point towards n and s, 
preserving its horizontal position ; for it is equally attracted br 
the north and south polarities of the bar ; but if one of the enrfs 
of t}ie magnetic bar De made gradually to approach the needle, 
as at 2, that end of the needle which previously pointed towards 
this pole will begin to incline downwards, or to dipj until, when 
the end s of the bar is exactly under the point n of the needle, 
the direction of the needle will become vertical. On bringing 
the opposite end of the bar towards th^ needle, like results may 
be obtained with the other end of the needle. Siinilar phenomena 
are also exhibited when a magnetic needle, poised horizontally at 
the Equator of the ^arth, is carried towaixis either of its poUd. A 
needle, therefore, which when unmagnetized is so poised as to 
assume a horizontal position, in the latitude of Lonaon, appears 
to become heavier at its marked end by the process of magnetiza- 
tion. An instrument by means of which the angular amount of 
this i/ndmation can be accurately observed, is called a dipping- 
needle. 

(221) Declination or Variatio7i. — In each hemisphere there is 
a single point at which the dipping-needle stands vertically, i.e.j 
where the dip is 90°. In the northern hemisphere this point is 
situated in about 96° 40' W. Ion. and 70° W N. lat. ; the point 
where it would be vertical in tlie southern hemisphere being 
nearly in 73° S. lat. and 130° E. Ion. The line of no dip does 
not correspond to the earth's equator ; it forms an irregular curve 
inclined to it at about l2°, and crossing it in four places. This 
arises from the fact that the magnetic system of the earth is much 
more complicated than is represented in the foregoing paragraph. 
Instead of being single, it appears to be double^ as was nrst 
pointed out by Halley, and in neither of these two systems does 
the magnetic axis coincide with the axis of rotation of the earth. 
Consequently in most places the needle does not point to the true 
geographical north. At the present time the needle in London 
points rather more than 21° west of north. This deviation from 
the true north is termed the variation or declination of the 
needle. 

In the northern hemisphere there are four lines of no decli- 
nation ; two of which may be considered to pass through the 
point of 90° of dip, and two others which do not pass through 
this point. These four lines of no declination have reference to a 
double magnetic system of which the two points of maximum 
force in the JN^orthern hemisphere are resultants ; and these points 
were called by Halley magnt tic poles. They do not correspond 
to either of the points of 90° of dip, which have also been called 
magnetic poles. 

It is remarkable that the declination of the magnetic needle 
is not constant at the same spot. In the year 1657, the needle 
pointed due north at London. It then gradually assumed a 
declination to the west, which continued to inereflse v.v.^}^ ^h^-^^ 
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the year 1840, at which time the variation to the west, in Lon- 
don, was nearly 25° ; since this period it has been gradnally re- 
turning towards the east, and in May, 1863, it was 21° 25' W. at 
Kew. The rate of its motion differs in different parts of its pro- 
gress, becoming slower ieis it approaches the point of retrogres- 
sion ; at present it is about 6' annually. Independently of mese 
gradual and progi*essive changes, the variation is subject to 
diurnal movements of very small amount ; north of the magnetic 
equator in England and the middle latitudes the north end of the 
needle moves slowly eastward in the forenoon, attaining its maxi- 
mum between the hours of seven and ten a.m:., and returns to its 
mean position at about ten in the evening. Connected with these 
alterations are corresponding variations in the dip, which during 
the last fifty years has been observed in London to diminish an- 
nually about 2'*6. From observations made at the Kew Obser- 
vatory, the dip in May, 1863, was 68^ 15'. 

(222) Variation m the Irdermty of the EartKs magneUmi. — 
The intensity of the earth's magnetism is also found to vary at 
different points of the surface, but the law of its increase has not 
been clearly determined ; the line of minimum intensity, or mag- 
netic eqvMor^ as it is sometimes called, is in the vicinity of the 
geographical equator, but does not coincide either with this or 
with tne line of no dip ; it forms an irregular curve cutting both 
of these lines. The points of greatest intensity, moreover, do not 
coincide with those at which tne dipping-needle is vertical. The 
highest degree of intensity^ that has been actually measured is 
2*062, the lowest 0-706.* Both the maximum and minimum 
here mentioned are in the southern hemisphere. K it be sup- 
posed that the globe be divided by a plane passing through the 
meridians of 100° and 260°, the western hemisphere, comprising 
America and the Pacific Ocean, presents a higher intensity than the 
eastern ; but the charge of the northern and of the southern hem- 
isphere is equal. Li the northern hemisphere there are two points 
oi maximum intensity, the most powerful beinff in North Amer- 
ica, and determined by Lefroy, in 1843-44, to be situated in 52** 
19'Klat. 92° W. Ion., the intensity being 1-88. The weaker 
maximum was found by HanstcQn in 1828-29 in Siberia, in 120° 
E. Ion. with an intensity of 1*70. Sir James Ross, in 1840-43, 
found the principal maximum in the southern hemisphere in 
about the meridian of 134° E., and a few degrees North of the 
Antarctic circle, whilst the weaker maximum in the southern 
hemisphere, according to Sabine, is labout 130° W. The inten- 
sity of the magnetic torce at London is now 1*372. 

The intensity of the earth's magnetism, like the variation and 
the dip, is found to suffer perioaical changes. Besides these 
regular variations of the magnetism of the earth, other irregular 

* The unH of intensity used in the text is that proposed by Humboldt, derived from 
the value of a particular magnet which he employed ; but in the later magnetic ob- 
servations the unit of intensity employed has been tiiat recommended by the Boyal 
Society, viz. : a second of time, a foot of space, and a grain of mass. The magnetic 
hitenflity upon this scale at London is at present 10*31. 
21 
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variations have been observed. Thesi^ have been termed maa 
netic storms: they are indicated by sudden and considerable 
disturbances of the magnetic instruments, of short duration, 
which are produced by some widely acting causes, as these dis- 
turbances have been noticed simultaneously at very distant parts 
of the earth's surface. In extreme cases, the diminution of the 
magnetic intensity during the ' storms ' has amounted to a large 
proportion of its total force. Sabine considers that these mag- 
netic storms are connected with changes in the solar atmosphere, 
which are indicated by variations in the number and fonri of the 
spots upon the sun's disk ; their epochs of maximum recnrring.at 
decennial intervals, with epochs of minimum intensity occurring 
midway between each maximum. These intervals coincide with 
the decennial epochs of maximum and minimum of the solar 
spots observed by Schwabe.* 

Since, then, the earth may be looked upon as an immense 
magnet of small intensity, it is natural to expect that, under 
favourable circumstances, magnetic induction should arise from 
its influence. Such effects are indeed continually observed. If 
a soft iron bar be placed in the line of the dip, it acq^uires tem- 
porary magnetic properties, the lower extremity acting as the 
marked pole of a magnet upon a magnetized needle, while the 
upper extremity acts as the unmarked pole. By reversing the 
position of the bar, the end which is now the lower will still 
possess the magnetism of the marked pole. A bar of steel, such 
as the poker or tongs, which is kept in a vertical position (a line 
in this latitude not far removed from that of the dip), is from 
this cause frequently found to be permanently, thourii weakly, 
magnetic. It is to the same cause operating througa the lapse 
of ages, in the same direction, upon the loadstone, that its polar- 
ity is to be ascribed. 

If a steel bar be made to vibrate while placed in the line of 
the dip, as by giving it a smart blow, it is magnetized still more 
powert'ully, and this effect may be still further increased by the 
inductive influence of other masses of iron placed in contact with 
it. Thus by. allowing a steel bar, supported in the line of the 
dip, to rest upon an anvil, and striking it strongly with a ham- 
mer, it becomes decidedly magnetized. All permanent magnet- 
ism may, however, again be removed from it by placing it clctobb 
the line of dip, and striking it two or three blows as before. 

Iron, nickel, and cobalt are' the only substances which are 
powerfully magnetizable ; but a susceptibility to magnetism in a 
much feebler degree has, by the researches of Faraday and 
others (323), been proved to exist in a variety of other bodies. 
Before describing the method in which these experiments were 

* A singular corroboration of this theory is afforded by an observation of Mr. Car- 
rington, who was watching a large spot on the sun on Ist September, 1859 : suddenly, 
at 11 ^' 20' ▲.!£., a bright spot was seen in the middle of the dark one ; this appearance 
lasted for about ten minutes, and a corresponding disturbance in time and duration was 
indicated by the self-registering magnetometers at Eew. 
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conducted, it will be necessary to examine the leading plfe^Dome- 
na of electricity ; and these will now be considered. 



§ II. Static ELECTEicrrr. 

(223) The force of electricity is one of those subtle and all- 
pervading influences which are intimately connected with the 
operations of chemical attraction. Indeed some of our most 
eminent philosophers have been disposed to regard electricity and 
chemical attraction in the light of different manifestations of the 
same agent. 

For upwards of 2000 years it has been known that when am- 
ber is rubbed upon bodies such as fiir, or wool, or silk, it ac- 
quires for a short time the property first of attracting light ob- 
iects, such as fragments of paper or particles of bran, and after- 
wards of repelling them. Until about 260 years ago, amber was 
the only known substance by which such effects were produced. 
About that time Gilbert discovered that a number of other 
bodies, such as glass, sealing-wax, and sulphur, might be made 
to excite similar motions. The power thus called into action 
has been called dectricity^ from fj\€KTpov (amber), the body in 
which it was first observed. Independently of its origin in fric- 
tion, it has been found that electricity is liberated by chemical 
action, hj certain vital operations, by heat, by magnetism, by 
compression, and in fact by almost every motion that occurs 
upon the face of the globe. Electricity neither increases nor 
diminishes the weight oi bodies under its influence, and neither 
enlarges nor reduces their bulk. It may be excited in all sub- 
stances, may be communicated from one electrified or excited 
body to another previously in a neutral or unelectrified condi- 
tion, and it may be stored up for the purposes of experiment. 

(224) Two hinds of Electridty.— 
A very simple contrivance will suf- 
fice for examining the fundamental 
phenomena of electricity as devel- 
oped by friction : — 

Soften a little sealing-wax in the 
flame of a candle, and draw it out 
into a thread 8 or 10 inches long, 
and of the thickness of a stout knit- 
ting pin. Attach to one end of it a 
disk of paper about an inch square, 
as represented in fig. 161 ; suspend 
this rod and disk dj means of a 
paper stirrup and a few fibres of un- 
spun silk from a glass rod fixed 
horizontally to some convenient sup- 
port. Now rub a stick of sealing- 
wax with a bit of dry flannel, arid 
bring it near the paper disk : the disk will at first be strongly 
attracted, and will then be as strongly driven away. Whilst it is 
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in this condition of repulsion by the wax, bring towards it a 
wann glass tube tliat has been rubbed with a drj silk handker- 
chief ; the disk will be immediately attracted, and in an instant 
afterwards it will again be repelled, but it will now be found to 
lie attracted by the wax. It is therefore evident, that by the firio- 
tion of the glass and of the wax, two similar but opposite powers 
are developed. A body which has been electrified or charged 
with electricitv from the wax is repelled by the wax ; but it is 
attracted by the excited glass, and vice versa. In order to dis- 
tin^ish these two opposite powers from each other, that power 
which is obtained n-om the glass has been termed vitreous or 
positive electricity : that from the wax resinovs or negative elec- 
tricity. 

Let us suppose that the paper disk has been charged by 
means of the glass tube, so that it is repelled on attempting to 
bring the glass near it ; this state will be retained by tne disk 
for many minutes. This contrivance forms, in fact, an dect/ro- 
soopey for it furnishes a means of ascertaining whether a body be 
electrified or not, and even of indicating the kind of electricity. 
Suppose that a body suspected to be electrified is brought near 
the disk, which is in a state repulsive of the glass tube ; if repul- 
sion occur between the disk and the body which is being tested 
for electricity, it is at once obvious that the substance is electri- 
fied ; and moreover, that it is vitreously electrified, since it 
produces an effect similar to that which would be eidiibited by 
an excited glass tube. 

The phenomena of attraction and repulsion may 
^10. 162. be further exemplified by the following experiments : 
— Suspend two straws, separately, by a fibre of silk, 
each to a glass rod (fig. 162) ; bring an excited stick 
of sealing-wax towards each ; each will be fii*st attract- 
ed and then repelled ; whilst thus repulsive to the 
wax, bring the one near to the other ; they will re- 
cede from each other as they did from the wax. If 
both straws be excited bv glass, they will in like man- 
ner repel each other ; but it* one be excited by the 
glass and the other by the wax they will attract each 
other. Hence we learn, that bodies similarly electri- 
fied repel, those differently electrified attract each other. 
Proceeding a step further, it will be found that whenever two 
bodies are rubbed t<^ether, both kinds of electricity are liber- 
ated, but so long as the two bodies remain in contact, no sign of 
the presence of either electricitv appears; on separating fliem, 
both are found to be electrified — the one vitreously, the other 
resinously : for example, stretch a piece of dry silk over a brass 
plate, and rub it upon a glass plate ; so long as the two bodies 
are in contact, the quantities of each kind of electricity set free 
jtfe precisely sufficient to neutralize each other, and the combined 
plates will not affect the electroscope, but as soon as the glass 
plate and the silk are separated, the glass wiU repel the disk (fig, 
161), while the silk will attract it. 
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(225) InsiblatorB and Conductors, — Bodies that have been 
thus electrically excited, return to their neutral condition when 
touched by other substances, but with decrees of rapidity depend 
ing on the kind of body which touches them. A rod of sealing- 
wax or of shell-lac, for example, may be held in contact with any 
electrified body without sensibly lessening the charge ; but the 
momentary touch of a metallic wire, or of the hand, is sufficient 
to remove all indications of electric excitement : it is therefore 
clear that there are some bodies which, like the wire or the hand, 
readily allow the passage of electricity, and these are termed con- 
ductoTB : whilst there are others which, like shell-lac, do not 
easily auow its passage, and these are called insvlators. There 
is, however, no absolute line of distinction between these two 
classes of bodies ; there is no such thing as either perfect insula- 
tion, or perfect conduction, for the tw^ classes of bodies pass 
gradually one intb the other. 

In the following table each substance enumerated is superior 
in insulating power to all those which follow it. The nearer the 
substance is to the bottom of the table, the better, on the con- 
trary, is its conducting power : — 



Inmlators, 
Dry gases and Dry Steam. 
Shell-Lac. 
Sulphur. 
Amoer. 
Resins. 

Gutta Percha and Caoutchouc. 
Diamond, and some other pre- 
cious stones. 
Silk. 

Dry Fur. 

Olass. 

Ice. 



Spermaceti. 

Turpentine and Volatile Oils. 
Fixed Oils. 

String and Vegetable Fibres. 
Moist Animal Substances. 
Water. 

Saline Solutions. 

Flame. 

Melted Salts. 

Plumbago. 

Charcoal. 

All the Metals. 

ConductoTB. 



' Any object is spoken of as being electrically insvlated when 
it is supported by means of some badly conducting substance 
which prevents the free escape of the electricity. The presence 
of moisture deposited from the air upon the surface even of the 
best insulator converts it for the time into a conductor, and is one 
of the most annoying impediments to the success of electrical 
experiments, as the power is carried off as fast as it is accumu- 
lated. Glass is especially liable to this inconvenience, but bj 
varnishing it when practicable, and keeping it thoroughly warm, 
the difficulty is diminished. By due precautions, instruments 
may be constructed which, in dry air, will preserve a charge for 
several hours. 

The most perfect insulators still allow electric power to tra- 
verse them, although by a process different from conduction, and 
hence they are termed Dielectrics (230). Thus, if one side of a 
plate of glass be electrified by rubbing it with a piece of silk, the 
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opposite face also actjuires the power of attracting particles of 
bran or other light objects. 

(226) Eled^copes. — Yarions instmments have been devised 
for detecting feeble charges of electricity. One of the most con- 
venient of these is the a6ld4eaf dedrasoape 
(fig. 163), which is sensible to extremely small 
charges. It consists of a pair of gold leaves 
suspended firom the lower extremity of a me- 
tallic wire which terminates above in a brass 
plate. The wire is insulated by passing it 
through a varnished glass tube pack^ with 
silk, and the whole is surrounded and support- 
ed by a glass case. The approach of an ex- 
cited body instantly causes the divergence of 
the leaves. If a glass tube be rubb^ with a 
dry handkerchief and touched with a small 
disk of paper insulated by attaching it to a rod 
of sealing-wax, as directed in preparing the 
electroscope (fig. 161), a small vitreous charge will be received 
by the paper, and if carried by it to the cap of the electroscope, 
the leaves will diverge permanently with vitreous electricity. 
The approach of the glass rod would cause the leaves to diverge 
further, whilst that of a stick of excited wax would cause them 
to collapse. 

An instrument (fig. 164) called a torsion 
dedrometer was devised by Coulomb for 
accurately measuring minute differences in 
the amount of electrical force. The force 
which he opposed to that of electricity was 
the resistance to twisting which is offered 
by an elastic tliread. A fibre of silk, a 
fine silver wire, or a thread of glass, has 
been used for the purpose of measuring the 
angle of torsion, this angle in perfectly 
elastic bodies being exactly proportioned to 
the force applied. 

By means of a long glass thread fastened 
above to a pin, p (carrying an index which 
traverses the graduated plate b), a needle 
of shell-lac is suspended freely in the glass 
Tliis needle is terminated at one 
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case . 



end by a gilt ball J, at the other by a paper 
disk which serves to check its oscillations. 
In the glass cover of the instrument is a small aperture through 
which another gilt ball, a (the carrier)^ also suspended by shdl- 
lac, can be introduced and withdrawn. In order to equalize the 
induction, two narrow strips of tinfoil, c and connected with 
the earth, and having a narrow interval between them, are pasted 
upon the inside of tl^e glass cylinder, one a little above and the 
other a little below the level of the balls ; a graduated circle is 
pasted on the glass for reading off the angular deviation of the 
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needle. When the instrument is to be used, the carrier-ball is 
adjusted so that after it has been removed it can with certainty- 
be replaced in the same position as at first ; the ball upon the 
needle is adjusted by turning the pin until, without any twist 
upon the tliread, it snail just touch the carrier, its centre being 
at the zero of the scale, and the position of the index on the 
upper graduated plate, b, is noted. The carrier-ball, a, is next 
made to touch the object the electricity of whicn is to be 
measured : it takes off a quantity proportioned to the amount 
accumulated on the spot. The ball a is immediately replaced in 
the instrument ; it divides its charge with the ball o on the 
needle, and repulsion ensues. The flu*ead which supports the 
needle is then twisted until the centre of the ball o is, by the 
force of torsion, brought back towards the carrier, a, to some 
determinate angle (say 30°) marked on the graduation of the 

flass case ; suppose the number of degrees through which it has 
een necessary to twist the thread to be 160° ; 160° + 30°, or 190°, 
will represent the repulsive force. To compare this amount with 
any other quantity, the balls must be discharged, and the ex- 
periment repeated under the new conditions, noting the number 
of decrees of torsion required to make the needle stand at 30° 
as before : the amount of the force is directly proportionate to 
the torsion angle in the two cases. Suppose m a sepond experi- 
ment that the thread sustain a twist of 180° before the ball h is 
^ brought back to the angle of 30° ; the force will now be 180° + 
30°, or 210°, and the relative electrical repulsions in the two ex- 
^ perim ents will be as 190 : 210. 
Another very convenient elec- 
trometer was devised by Peltier, 
in which the directive force ex- 
erted by the earth upon a ^mall 
magnet is substituted for th^ tor- 
sion of a wire. Fig. 165 i'epre- 
sents Peltier's electroscopie : a h 
is a metallic wire terminating 
above in a brass knob, tod ce- 
mented by means of shell-lac in- 
to an insulating foot of ebonite, 
o. At J js a brass rinj^, from 
which proceed two brais arms, 
df, d. In the ring is supported a 
light metallic needle, f, which 
moves freely upon a pm like a 
compass-needle. This/ metallic 
needle carries a small nragnetized 
steel wire, m. In ordeijto use the 
instrument, it is placid so that 
the needle, ^, when th^ steel wire, 
m, is exactly in th^ magnetic 
meridian, is just made to touch 
the arms, d. On communicating a charge of electricity to the 
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ball a, it spreads over the insulated wire and needle e ; the 
needle is immediately repelled by the fixed arms , a, rf, and the 
amount of its angular deviation gives the means of estimating 
the force, which, nowever, is not directly proportionate to the 
number of degrees which represent the angle of deviation. These 
values must be ascertained by direct experiment. 

It was long imagined that non-conductors only were capable 
of excitement by friction, and hence they were termed electricS^; 
all bodies, however, exhibit this phenomenon, if proper care be 
taken to insulate them. If, for example, a piece of brass tube 
insulated by a glass handle be rubbed upon fur, it receives a 
charge, as mOT be shown by bringing it near the disk of the 
electroscope (fig.* 161). Even two dissimilar metals, after being 
brought into contact with each other, may, with proper precau- 
tions, be made to show signs of electric excitement on being 
separated (257). The friction of glass against metal spread over 
silK is attended by a more powerful de\5elopment of electricity 
than when silk alone is used ; and an amalgam consisting of 1 
part of tin, 2 of zinc, and 6 of mercury, rubbed to fine powder 
and mixed with a little lard, is found to be highly effectual in 
exalting the force which is developed. The same substance, 
however, does not always manifest the same electrical condition 
when rubbed : glass when rubbed upon silk becomes vitreously 
excited ; but if rubbed on the fur of a cat it exhibits resinous 
electricity. The amotmt of friction necessary to produce electric 
excitement is exceedingly small 5 the mere drawing of a handker- 
chief across the top of the electroscope (fig. 163), or even across 
the clothes of a person insulated by standmg on a cake of resin, 
or on a stool with glass legs, provided he touch the *6ap of the 
instrument, is sufficient to cause divergence of the leaves. The 
si^nple act of drawing off silk stockings, or a flannel waistcoat, or 
tte combing of the hair in frosty weather, frequently occasions 
liie snapping and crackling noise due to the electric spark ; and 
the stroking of the fiir of a cat at such a season is known to pro- 
duce similar effects. 

(227) ElectHcal HypoiheseB. — These various phenomena have 
been accounted for by two principal hypotheses. 

One of these, commonly known as the ' theory of one fluid,' 
is due to Franklin. Electricity, upon this view, is supposed to 
be a subtle imponderable fluid, of which aU bodies possess a 
definite share in their natural or unexcited state. By friction, or 
otherwise, this normal state is disturbed. If the body rubbed 
receive more than its due share, it acquires vitreous electricity, 
or, in the terms of Franklin, becomes electrified positively, or + ; 
whilst at the same time the quantity of electricity in the rubber 
which becomes resinously charged is supposed to be diminished, 
and thus the rubber acquires a negative or— state. Franklin 
supposed the particles of the electric fluid to be highly self- 
repulsive, and to be powerfully attractive of the particles of 
matter. 

The other hypothesis, the ' theory of two fluids,' was origi* 
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nally proposed by Dofay. According to this view there are two 
electric fluids, the vitreous and the resinous, equal in amount but 
opposite in tendency ; when associated together in equal quanti- 
ty they neutralize each other perfectly : a portion of this com 
pound fluid pervades all substances in their unexcited state. By 
friction the compound fluid is decomposed ; the rubber acquires 
ap excess of one fluid, say the resinous, and thus becomes resin- 
cmsly excited; the body rubbed takes up the corresponding 
excess of vitreous electricity, and becomes excited vitreously 
to an equal extent. Upon this view the particles of each fluid 
are self-repulsive, but powerfully attract those of the opposite 
kind. 

The language of either theory may be employed in order to 
distinguish the two kinds of electricity : the term vitreous or 
positive may be used indifferently for one kind, and resinous or 
negative for the other kind, provided it be borne in mind that 
positive and negative are mere distinguishing terms: negative 
electricity being as real a force as the positive. 

It is manifest that one or other of these hypotheses must be 
false, yet either will serve to connect the facts together. ' The 
supposition of an electric fluid is, notwithstanding, gradually 
bemg abandoned. The supposition of a gravitative fluid might, 
with nearly as much propriety, be insisted on to explain the 
phenomena of gravitation, or a cohesive fluid to account for 
those of cohesion. 

Electricity is now regarded as a compound force, remarkable 
for the peculiar form oi action and reaction which it exhibits. 
This kind of action and reaction follows the same law of equaUty 
and opposition in its manifestations as that which is exhibited 
more obviously in the phenomena of mechanics. Whenever 
vitreous electricity is manifested at one point, a corresponding 
amount of resinous electricity is invariably developed in its 
vicinity, reacting against it, and thus enabling its presence to be 
recognised, althou^ this reacting force may not be immediately 
perceptible. 

The phenomena of vitreous and resinous 
electricity may be rudely but not inaptly ^^o. 166. 

illustrated by those of elasticity exhibited s — 

by an ordinary spring, as shown at s, flg.- 
166. The spring in its unstretched state 
may represent the body in its unelectrified 
condition ; it then displays nothing of the 
peculiar power that it possesses. The 
spring cannot be stretched from one ex- 
tremity only ; but if fixed at one end, as 
by hooking it to the pin, p, a weight, w, 
may be applied to the other end, and it 
will seem to be stretched by one force only. 
In reality, however, it is not so ; for by 
substituting at v a weight equal in amount 
to that at w, instead of the fixed point p, the strain upon the 
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spring remains tmaltered, but a reaction, equal in amount to the 
original action of the weight w, is instantly rendered evident. 

So it is with electricity ; cases not unfrequently occur where 
one kind only of electricity seems to be present, but a careful 
examination will always detect an equal amount of the opposite 
kind. This essential character of action and reaction in the 
electrical force will be more clearly manifested in the following 
remarks and experiments. 

(228) Electrical Induction. — In the preceding cases the 
electricity has been excited by friction and communicated to 
other bodies by contact. An insulated charged body, however, 
exerts a remarkable action upon other bodies in its neighbour- 
hood. Long before contact occurs, the mere approach of an ex- 
cited glass tube towards the electroscope causes divergence of 
the leaves, and on removing the glass tube, if it have not been 
allowed to touch the cap of the instrument, all signs of disturb- 
ance cease. 

The^following mode of performing the experiment will afford 
a means of examining this action of an electrified substance upon 
objects at a distance : — 

Place two cylinders of wood, or of metal, each supported on a 

varnished stem of glass, so as to 
Fig. 167. touch each other end to end (fig. 

—-^ _ 4, ^. ^ ■^^'^j 1) 5 fro^ the outer extrem- 

" II "A ity of each suspend a couple of 

^ pith balls by a cotton thread, and 

_ _^ hring the excited glass tube near 

jJt "7 "^ X *^ ""ii"*' ^ \v\ arrangement as 

••^ shown at 2. Electric disturbance 

3 will be shown by the repulsion of 

C'¥ " 4-) (- + — + "i ) l>oth pairs of balls. Separate the 
A H il A two cylinders without touching 

the conducting portion, and then 
remove the glass tube ; the balls will still continue to diverge (3). 
But let the glass be again brought near ; the balls on the cylin- 
der originally nearest the glass will collapse, showing this cylin- 
der to be negai>imly excited, while the same excited glass will 
causQ the balls on the further cylinder to diverge from the 
presence of positive electricity. Again, remove the glass alto- 
gether, and bring the two cylinders into contact ; a spark may 
generally be seen to pass between them, and both pairs of balls 
will immediately collapse and continue at rest. The entire 
amount of force existing upon the two cylinders taken together 
remains the same throughout the whole period of the experiment, 
but its distribution is altered, as is shown by the position of the 
signs + and The experiment may be explained in the fol- 
lowing manner : — Suppose the two cylinders to be in the neutral 
state (No. 1) ; on bringing the excited glass tube near to them, 
a portion of the negative electricity appears to be drawn towards 
the end of the cylinder nearest to the glass, as in No. 2, whilst 
the corresponding quantity of disengaged positive electricity 
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causes the balls on both cylinders to diverge : the moment the 
glass is removed, the negative electricity remstributes itself as in 
No. 1, and the balls collapse ; but if the two cylinders be sepa- 
rated before the glass is removed, and if the excited glass be 
then withdrawn,* the results will be such as are represented in 
No. 3, in which the negative electricity on one of the cylinders 
is more than suflScient to neutralize the positive, and hence the 
balls diverge negatively ; while on the other it is less than 
sufficient for the positive, consequently the balls diverge with 
positive electricity. On causing the two cylinders to approach 
each other when in this state, the two forces will neutralize each 
other, and if of sufficient power, the reunion will be attended 
with a slight spark. 

This action at a distance of one electrified body upon others 
in its neighbourhood is termed electrical inducHon, It is a prin- 
ciple of very extensive application, and indeed it furnishes a key 
to the explanation of the greater number of electrical phenomena. 

An instance of electrical induction is afforded in the action of 
the gold leaf electroscope. Let 1 (fig. 168) represent the instru- 
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ment in a neutral state. As soon as an excited glass tube, a, is 
caused to approach the cap of the electroscope, the leaves will 
diverge, as at 2. Whilst the glass tube is still near the instru- 
ment, let the cap of the electroscope be touched with the hand, 
BO as to uninsulate it for a moment, as at 3, by placing it in com- 
munication with the earth through the body, which acts the part 
of a conductor ; the leaves will collapse, and the instrument will 
seem to be quiescent ; now remove tne finger from the cap, and 
then take away the glass tube, o ; instantly the leaves diverge, 
and the electroscope is permanently charged, in consequence of 
a change in the distribution of the electricity, as represented at 4. 
Its charge, however, is not positive like that of the glass, but 
n^ative ; for, if the glass be again brought near, the leaves will 
couapse, while a stick of excited wax wiu make them open out 
fiirther. These effects arise from electrical induction, and the 
process which takes place is believed to be the following. The 

* If the glass tube be withdrawn graduidly to a certam distance, the balls upon the 
cylinder nearest the tube will gradually collapse, in proportion as the inductive power 
is weakened by distance ; a portion of the negative electricity being liberated in quan- 
tity sufficient to neutralize the free positive charge, and, on completely withdrawing 
the excited tube, the excess of negative electricity, is set free, and the balis now diverge 
negatively. 
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arpproach of the tube in the first instance causes the negative 
electricity to accumulate in the cap, as at 2, where it is retained 
by a species of attraction, in which condition it is said to be dis" 
guisea. The leaves therefore diverge with a corresponding 
quantity of positive electricity thus set free ; things being in this 
state, a touch is sufficient ta neutralize the excess of positive 
electricity, as seen in 3, and the instrument appears to be quies- 
cent. Kemove the glass tube, however, and the negative electri- 
city, that had been accumulated on the surface of the cap, spreads 
over the whole instrument (though in the diagram this is only 
represented as taking place upon the leaves), and the leaves 
diverge with negative electricitjr, as shown at 4. 

In all these cases, the excited body itself neither loses nor 
gains electricity by the process just described. The mode in 
which this transfer of force from a distance is effected still re- 
mains to be considered. 

(229) Faraday^ 8 Theory of Induction, — We owe to Faraday 
a theory of these effects, which has been thus concisely summed 
up by Snow Harris {Rudimentary Electricity^ first ed., pp. 33, 
34). Faraday ' conceives electrical induction to depend on a 
physical action between contiguous particles, which never takes 
place at a distance without operating through the molecules of 
mtervening non-conducting matter. In these intermediate parti- 
cles, a separation of the opposite electricities takes place, and 
they become disposed in an alternate series or succession of posi- 
tive or negative points or poles : this he terais a polarization of 
the particles, and in this way the force is transferred to a distance. 

Thus, if in fig. 169, p represents a positively charged 
Fig. 169. body, and a, S, intermediate particles of air, or 
other non-conducting matter, then the action of p is 
transferred to a distant body, n, by the separation and 
electrical polarization of these particles, indicated by 
Q ^ the series of black and white hemispheres. Now, if 
* ® ®^ the particles can maintain this state, then insulation 
9 ©9^ obtains; but if the forces communicate or discbarge 
O Q Qd^ one into the other, then we have an equalization or 

©combination of the respective and opposite electricities 
throughout the whole series, including p and n.' . . . 
' He assumes that aU pa/rticles of matter are more or 
less conductors : that in their quiescent state they are not ar- 
ranged in a polarized form, but become so by the influence of 
contiguous and charged particles. They then assume a forced 
state, and tend to return, by a powerful tension, to their original 
normal position ; that being more or less conductors the parti- 
cles charge either hodihj or by polarity / that contiguous parti- 
cles can communicate tneir forces more or less readily one to the 
other. When less readily, the polarized state rises higher, and 
insulation is the result : when more readily, conduction is the 
consequence.' .... * Induction of the ordinary kind is the action 
of a charged body upon insulating matter, or matter the particles 
of which communicate the electrical forces to each other in an ex- 
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ta-emely minute degree; the charged body producing in it an 
equal amount of the opposite force, and this it does by polarizing 
the pai-ticles, (fig. 169). 

(230) DiatrwvtUm of Electric Cha/rge. — Bodies susceptible 
of this polarization are termed dielectrics / and whether they be 
solid, liquid, or aeriform, the electric force is transmitted through 
them freely. A pane of glass interposed between the excited 
tube and the cap of the electroscope will in no sensible manner 
affect the divergence of the leaves, which will occur as usual ; 
but the interposition of an uninsulated sheet of tin-plate, or even 
of a screen ot wire gauze, will effectually stop all signs of electric 
excitement on the leaves. 

Owing, however, to the ^olecular action by which induction 
is propagated, Faraday hwr shown that it may, under certain cir- 
cumstances, be traced rcmnd the edges of such a screen, and it 
may be con tinued eithey in curved or in straight 
lines^ Let s (fig. 170) /epresent a mass of shell- 
lac which has been elicited by friction at its up- 

{)erpart; b, a brass /plate resting on the shell- 
ac, but also in comducting communication with 
the ground. At a, a strong inductive action is 
perceived, which/W weaker at S, weaker still at 
and very trifling at d ; ate it increases, and at / 
is nearly as st^ng as at whilst at g it again 
decreases, frovti the effect of increasing distance. 

In consequence of these inductive actions, electricity when at 
rest is always distributed over the surface of a charged object ; 
and therefore, for the purpose of collecting electricity, a hollow 
shell of conducting matter is quite as effectual as a solid mass of 
the same size. Many striking experi- 
ments may be given in proof of this im- 
portant fact. For instance, place a me- 
tallic can, c (fig. 171, 1), upon a small 
insulating stana, s ; communicate a 
charge to a brass ball, insulated by a 
slender glass rod, and introduce this 
charged call into the interior of the can, 
allowing it to touch the bottom ; with- 
draw the ball ; it will be found when 
tested with the electroscope to have 
given up all its electricity. Touch the 
inside of the can with a proof plane (or 
small disk of paper insulated by a stout 
filament of shell-lac), and hold it towards the charged disk of the 
electroscope (fig. 161), no action will be perceived: bring the 
proof plane, however, into contact with any part of the outer 
surface of the metallic can, and an abundant charge will be ob- 
tained. No charge can be sustained towards the interior, be- 
cause there is no object within towards which induction can take 
place ; but the polarization of the air on the outside produces 
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induction towards all surrounding objects.* But now, whilst 
the exterior still remains charged, hold an unexcited brass ball, 
attached to a metallic wire, in the inside of the cup, (fig. 171, 2), 
without, however, allowing it to touch it ; if the insulated paper 
disk, under these circumstances, be made to touch any part of 
the inside of the can, it will receive a charge : th^ particles of the 
air within the can, may, under these circumstances, become polar- 
ized, because the brass ball is in a condition to become oppositely 
charged to the can. If the can be positive, the' ball becomes 
negative, its positive electricity passing off to the earth by the 
wire. 

A similar disturbance of electric equilibrium will be found 
whenever a charged body is brought near other uninsulated ones. 
If an excited glass tube be brought towards the wall of the room, 
and" just opposite to the tube the wall be touched with the proof- 
plane, a small charge of resinous electricity will be carried off, 
and will be perceptible by the electroscope. 

By increasing the surface of the conductor whilst the amount 
of electricity remains the same, it is obvious that the quantity 
upon each portion of exposed surface is diminished, and the mten 
sity of the charge is said to be lowered. Thus, if a metallic rib 
bon, coiled up by the action of a spring, be attached to, the cap 
of an electroscope, and a small charge be given to it, a certain 
divergence of the leaves will be produced ; on uncoiling the rib- 
bon, by means of a silk thread attached to it for the purpose, the 
leaves will partially collapse, because the same amount of induc- 
tion towards the ceiling and floor of the room is now distributed 
over a larger surface ; but on allowing the spring to exert its 
elasticity, and coil up the ribbon, the leaves will again resume 
their original divergence. 

In all cases of electric excitement the charge is diffused over 
the surface of the conductor, but the form of mat surface mate- 
rially influences the mode in which the electricity is distributed. 
If a charged sphere be suspended in the centre of a room, the 
superficial distribution of the force will be uniform on all parts 
of its surface. But if two similar and equally excited spheres be 
suspended side bv side, the electric accumulation will be greatest 
at those points of their respective surfaces which lie at the oppo- 
site extremities of a line passing through the centre of each ; and, 
in a cylinder, the force is highest at the two ends. 

This change in the distribution of electricity over the surface, 
which depends upon the change of form, was carefully investi- 
gated by Coulomb. For this purpose he employed his torsion 
balance, shown at fig. 164. The carrier-ball, a, of the instru- 
ment was brought into contact with that point of the conductor 
which was to be examined ; the ball thus acquired a charge pro- 
portional to the intensity of the electricity at that spot ; and the 
intensity was measured in the manner already described (226), 

* Indeed, a delicate electrometer may be enclosed in a shell of conducting matter, 
which may be so highly charged as to emit sparks in all directions, though the elec- 
trometer will remain wholly unaffected. 
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bj the angular repulsion of the needle ; different points of the 
conductor were thus examined in succession, and the intensity at 
each point was compared with the others. 

In this way it was found that if two spheres of unequal 
diameters were each originally electrified to the same degree of 
intensity (that is, if each sphere were so charged that the quan- 
tity of electricity upon a square inch of the surface of each was 
exactly equal when the two were separated on bringing the two 
into contact, the greatest accumulation still occurred at the ex- 
tremities of a line joining the centres of the spheres, but the ac- 
cumulation was greater on the small ball thran on th^ large one. 
The experiment may be carried still further : for if a series of 
spheres gradually diminishing in size be employed, till at last 
tney virtually end in a point, the accumulation at length becomes 
so great that tihie point is unable to retain the charge, and disper- 
sion ensues. 

A rough idea of this effect may be conveyed by fig. 172, in 
which A, B, and o represent 
three independent spheres di- Fio. 172. 

minishing in size, and which 
in No. 1 are supposed to be 
charffed with electricity of 
equal intensity, as represent- 
ed by a shaded layer of equal 
thickness around each, while 
!No. 2 represents the same 
three balls in contact. The 
intensity of the charge, as 
shown by the lines of shadow, z 
.is proportionately much gl*eat- 
er on the ^smallest ball than 
on the largest. Points must 
therefore be carefully avoided in 
for retaining electricity. For similar reasons 
edges are equally objectionable. 

(231) Electrical Machines, — 
In order to obtain large supplies 
of electricity, the electrical ma- 
chine is employed. Two princi- 
pal forms of this instrument — viz. 
the cylinder and the plate ma- 
chine are in general use. 

In the cylinder machine (fig. 
173) a hollow cylinder of glass, 
0, is mounted on a horizontal axis 
turning by a winch in two strong 
wooden supports. On one side 
is placed a leather cushion, b, 
stuffed with hair and faced with 
silk ; from its upper edge proceeds a silk flap, s, which reaches 
nearly round the upper half of the cylinder, n is a brass con- 
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ductor for collecting electricity from the ru,bber. The cushion is 
insulated by a strong glass pillar, o. To collect the electricity 
from the glass, a metafiic conductor, r, is mounted on an insu 
lating stem of glass, h ; this conductor, on the side next the glass . 
is furnished with a row of points, which, from the high degree of 
induction produced upon them, act as powerfully in receiving as 
in dispersing a charge. Before using the machine, a little of the 
amalgam of zinc and tin (226) is spread over the surface of the 
cushion. When the whole is made properly dry and warm, on 
turning the handle a brisk, crackling, snapping noise is heard, 
whilst flashes and sparks of fire dart round the cylinder from the 
edge of the silk flap. Sparks of two or three inches in length 
may now be drawn from the prvme conductor^ p, if the hand be 
applied to the nibber when the cylinder is turned. In order to 
obtain a continuous supply of sparks from the conductor, p, it is, 
however, absolutely necessary to maintain a conducting commu- 
nication between the nibber and the ground. If the prime con- 
ductor be made to communicate with the ^ound while the rub- 
ber is insulated, sparks may be freely obtamed from the rubber 
on working the machine. The electricity from the cylinder and 
conductor, p, however, is positive, like that from glass generally, 
whilst that from the rubber is negative. If the rubber and the 
conductor, while both are insulated, be connected by a metallic 
wire, no sparks can be obtained from either, however vigorously 
the machine be worked, the negative electricity of the rubber 
being exactly neutralized by an equal amount of positive electri- 
city from the cylinder and conductor. The reason why it be- 
comes necessary, in working the machine effectively, to connect 
either the rubber or the conductor, p, with the earth, is thus ren- 
dered obvious, since otherwise induction takes place between the 
liberated resinous electricity on the rubber and the positive elec- 
tricity which accumulates on the prime conductor, and thus pre- 
vents its free discharge. No sooner, however, is the negative elec- 

tricitv in the rubber 
Fi<*- 1*^4. supplied from the un- 

* limited stores of the 

earth with an equiva- 
lent amount of positive 
electricity, through a 
chain suspended to it, 
or through the body by 
placing tlie hand on the 
rubber^ than the accu- 
mulated positive elec- 
tricity on the conductor, 
p, is free to pass off in 
spai'ks to such objects 
as are sufficiently near. 

In the Plate Machine 
(fig. 174), a flat plate 
of glass, G, is substi- 
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tuted for the cylinder, c, in fig. 173. The axis of rotation passes 
thi:ough the centre of this plate, and the rubbers, b, b, are placed 
on each side of the ^lass along a portion of its circumference. In 
this form, however, it is not easy to insulate the rubbers, and to 
obtain negative electricity separately, though it supplies positive 
electricity in abundance, p is the prime conductor, insulated by 
a glass stem. 

(232) Extmswe Operation of Induction. — As the principle 
of induction already explained is one which pervades the whole 
phenomena of electricity, we proceed to point out a few more ex- 
amples. 

Every case of attraction is preceded by induction : the op- 
posed surfaces become oppositely electrified by polar action, after 
which attraction ensues. ^'Thel following elegant experiment by 
Snow Harris shows the steps of the process clearly : — Attach to 
a circular disk of gilt card, a, fig. 175, 
about three inches in diameter, one end ^i®. 176^ 

of a slip of gold leaf, and by a rod of shell- 
lac fasten the disk to a light strip of wood, 
balanced at the other end by a weight. 
Suspend this freely by a thread, as repre- 
sented in fig. 175 ; on bringing another 
similarly insulated charged gilt disk, b, 
near a, the gold leaf upon a will diverge, 
and then attraction of the disk will follow. 

Even the phenomena of electrical re- 
pulsion may be traced to induction. If a 
pair of slips of gilt paper be insulated and 
suspendea side by side as in the electro- 
scope, they will diverge when charged ; whilst in this condition 
a proof-plane wiU detect no electricity on their inner surfaces, 
but abundance on the outer ones : induction takes place towards 
surrounding objects, which attract the leaves, and they separate 
from each other ; but if any conducting body in communication 
with the earth be introduced between the two leaves, induction 
now takes place from the inner surface of the leaves towards it, 
and they instantly collapse. Many amusing electrical experi- 
ments have been contrived upon the principle of induction : — 

Blight figures, placed on a conducting surface under an electrified 
ate, are made to dance by alternate attractions and repulsions, 
a number of strips of paper be supported in the centre of a 
room, by attaching them to a wire which is in connexion with 
the conductor of a powerful machine in action, they will rise up 
and diverge in all directions, towards the geiling, the walls, and 
the floor, under the influence of induction ; if a ccmducting point 
or surface be brought near them, they will all bend over and con- 
verge towards it. 

(233) ElectrophoruB, — ^The electrophorus of Yolta is an in- 
expensive and portable kind of electrical machine which derives 
its name from ijXeKTpoVj and <\>opo<T carrying, in allusion to the 
manner in which the metallic cover carries electricity : if 
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its activity to the operation of induction, which indeed it is well 
calculated to exemplify. The instrument (fig. 176) consists of a 
resinous plate, b, 12 or 15 inches in diameter, 
which may be composed of equal parts of shell- 
lac, resin and Yenice turpentine, melted together 
and cast into a circular cake of about an inch 
in thickness. This cake rests on a sheet of tin- 
plate or metal, t ; it is ftirnished with a movea- 
ble cover consisting of a somewhat smaller circu- 
lar metallic plate, m, to which is attached an insulating handle. 
The resinous cake is rubbed with warm and dry fur or flannel, 
and on then putting down the metallic cover by its insulating 
handle, a spark of negative electricity may be drawn from it ; 
on again raising it, a spark still brighter, of positive electricity, 
may be obtained. On replacing the cover, another negative 
spkrk may be drawn, and on raising it, another positive one, and 
this may be repeated for an indefinite number oi times. 

The action of the electrophorus may be thus explained. 
When the cake is rubbed, it becomes negatively 'electrified on 
its upper surface ; the under surface, which is in communication 
with the earth through the tin-plate, becomes, by induction, posi- 
tive, to a similar extent, the particles of the csJ^e being thrown 
into a polar condition. It thus polarizes the metallic plate on 
which it rests, liberating negative electricity, and this passes off 
to the earth, whilst the metal preserves a positive charge, which, 
being retained by induction, is not perceived until the inductive 
action of the upper surface is directed to the metallic cover. If 
the metallic cover be now brought down upon the upper surface 
of the cake, it touches the resin on a few points only, and from 
the inferior conducting power of the resm receives but little 
direct negative charge from the contact; instead of this, the 
under surface of the metal becomes positive by induction from 
the resin, whilst upon its upper surface a corresponding amount 
of negative electricity is set free ; this escapes in the form of a 
spark, if a conductor be presented. On raising the cover after 
thie escape of the negative spark, the positive electricity, which 
before was attracted to the lower surface of the metallic cover 
and held there by induction, is in excess, and it is ready to escape 
as a spark when a conductor is presented near enough to it. As 
the resin has lost none of its charge, the process may be repeated 
for an indefinite number of times.* If after the resinous cake of 
the electrophorus has been excited in the usual manner, it be 
laced upon an insulating support, and the metallic cover be 
rought dqwn upon it by means of the insulating handle, little or 
no negative electricity will be obtained from the upper plate on 
connecting it with the ground: but if a connexion be made 

* Ttie correctii«fis of this explanation may be verified by substituting for the metallic 
cover a circular disk of tinfoil of the same diameter, and pressing it down into complete 
contact with the resinous plate ; on removing the tinfoil it will be found to have dis- 
charged the resinous plate completely ; and no charge will now be communicable to the 
insulated metallic cover until the suriace of^the resin has been excited anew by friction 
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between the upper and under metallic plate by touching one 
with each hand, a slight shock will be felt (235), owing to the 
neutralization of the positive electricity of me lower plate by 
the liberated n^ative of the upper. On now raising the cover, 
a positive spark may be obtained, and on replacmg the dis- 
charged plate upon the resin, the same series (of phenomena may 
be repeated as often as the operator pleases, without exciting the 
resin anew (235). 

(234) Spread of Induction. — A remarkable peculiarity in 
electrical induction has yet to be noticed. When a charged 
sphere. A, is suspended exactly in the centre of a hollow sphencal 
cavity, b, fig. lt7, induction diminishes in 
every direction as the square of the dis- 
tance; but it is quite otherwise if the 
charged ball be suspended within the hol- 
low sphere in any other position. K we 
compare radiant neat with induced electri- 
city, it will be found that the approach of 
a cold body, s, towards a source of radiant 
heat does not affect the radiations to the 
objects around, excepting in the case of 
those which are immediately sheltered by 
its shadow, as at b, fig. 177 : not so, however, if we bring an un- 
insulated conductor towards a body charged with electricity. 
The approach of such a conductor concentrates the inductive 
action more or less completely upon itself, and to a correspond- 
ing extent withdraws that action which was previously directed 
towards the surrounding, but more distant, envelope. The 
. fewer are the intervening particles of the dielectric air to be 
polarized, the higher does the polarity rise in each particle, and 
the more completely is the induction called off from more distant 
objects : consequently the smaller the distance between the 
charged and the disturbing body, the more complete is the diver- 
sion. The polarity of the interposed air may at last rise so high 
that it can sustain the tension no longer, and a spark passes 
between the two surfaces. The particles of the dielectric are in 
a forced condition, and, like the 
coils of a spring, tend to return to 
their normal state. 

This important fact may be il- 
. lostrated in the following way. 
Let A, fig. 178, represent an insu- 
lated circular conducting plate, 
connected with an electroscope. 
Give to the plate a a small posi- 
tive chaise sufficient to cause di- 
vergence of the leaves of the elec- 
troscope ; then cause a second conducting plate, b, which is un- 
insulated, to approach the plate a. The leaves of the electro- 
scope will gradually collapse, but they will open out again, when 
B is withdrawn. In this experiment a portion of the positive 
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electricity of plate b, equivalent in quantity to that of the 
charged body, a, passes oflf to the earth. Owing to this lateral 
action, if the plate b be retained very near to a, the plate a may 
receive a considerable amount of charge, by repeated applications 
of a body feebly charged, provided that such body is freshlv 
charged between each contact with a ; by these repetitions smaJl 
uantities of electricity may be accumulated, and rendered evi- 
ent by suddenly withdrawing the uninsulated plate, b ; the 
leaves of the electroscope diverge, because by such withdrawal 
the whole induction is directed to surrounding objects instead of 
being concentrated upon-B. An apparatus of this kind has been 
called a condenseTj from its power of collecting and rendering 
visible, by repeated contacts, quantities of electricity tod minute 
to be otherwise perceptible. 

(235) The JLeyden Jar, — By substituting a solid dielectric, 
such as glass, for the sheet of air between the plates a and b in 
the preceding experiment, a much higher degree of induction 
may be obtained, since the fixed position of the particles of the 
fflass prevents them from moving off when highly charged. In 
fact, a plate of glass between two metallic surfaces constitutes an 
apparatus for storing up electricity ; and is, in its simplest form, 
the important instrument celebrated from the place of its dis- 
covery as the Leyden Jar. Excepting as a matter of convenience 
it does not signify whether the glass be fiat or curved, only it is 
found more easy to manipulate with jars than 
Fig. 179. '^ith fiat plates. The ordinary form of Ley- 

den jar is represented at o, fig. 179. It con- 
sists of a bottle, of thin glass, with a wide 
neck. A coating of tinfoil is pasted upon 
both the internal surface, i, and the outer sur-. 
face o, to within three or four inches of the 
neck. The upper portion of the glass is left 
free from conducting matter in order to pre- 
serve flie insulation of the two coatings. A 
wire, surmounted by a brass knob, and sup- 
ported by a smooth plug of dry wood, serves to 
convey the charge to the inner coating, with 
which it is in contact. Such ajar will receive 
and sustain a charge of much higher intensity 
than a simple conducting surface of brass or 
of tinfoil of the same extent. 

A simple experiment will suflSce to show 
the correctness of this statement. A single 
turn of the machine will be sufficient to cause 
a straw, b, fig. 179, suspended from the cen- 
tre of the graduated arc, and attached to the prime conductor of 
the machine, p, to assume its utmost angular repulsion ; but if 
the knob of a Leyden jar, which need not expose a coated surface 
of an extent equal to the superficial area of the prime conductor, 
be presented as at p, it will take eight or ten turns of the machine 
to produce the same amount of repulsion; bright sparks will 
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Sass in rapid succession between the knob and the conductor, if 
le two be separated by a small interval, and on connecting the 
two coatings of the jar by the discharged rod, d (which is merel^y 
a jointed wire terminating in brass balls, and which for safety is 
insulated on a glass handle), the equilibrium is restored suddenly 
and completely with a loud snap and a brilliant spark. J£ the 
discharge were allowed to take place through the arms, or any 
part of the body, a sudden painful sensation, termed the eleci/nc 
shocks would be experienced. The power of the Ley den jar 
may be increased by increasing its size ; and when it would be 
inconvenient to use jars of a large size, a similar increase in 
power may be obtained by placing a number of small jars side 
by side upon a sheet of tinfoil, or other conductor, which con- 
nects together all their outer coatings, whilst by means of wires 
all their inner coatings are similarly connected with each other. 
Such an arrangement of iars is called an elecl/rical battery^ and is 
shown at fig. 190, If the jars be of uniform thickness, the 
power of the battery will be in proportion to the extent of the 
coated surface, but the intensity of the charge will be inversely 
as the square of the thickness of the glass. ( Wheatstone, Govem- 
merd Report on Eleci/ric Cables^ 1861, Appendix, p. 285.) 

That the charge of the Leyden jar depends upon an action of 
contiguous particles, polarization taking place across the dielec- 
tric, may be shown by taking three or four laminae of glass, and 
placing them one above anotlier between two metallic plates, 
thus forming them into one compound plate, and then charging 
the whole. If the upper plate becomes positively charged, the 
lower one will become negative, whilst each intermediate plate 
becomes polarized, and thus transmits the inductive effect. 

As might be anticipated from this experiment, it is found that 
the charge of the jar does not reside in the coatings, which mere- 
ly act as conductors to favour the distribution and escape of the 
electricity. K a jar be fitted with moveable coatings, and then 
charged, each of the coatings may be removed by a suitable insu- 
lating support ; the coatings may be handled after such removal ; 
the jar may then be replaced in them, and it will give a power- 
ftd &park when discharged in the usual manner.* 

The following experiments will elucidate the action of the 
Leyden jar when in the process of receiving a charge. Let a jar, 
A, fig. 180, be placed upon an insulating stand, and let its knob 
be brought near to tne prime conductor, p, of an electrical 
machine in action ; under these circumstances it will be found 
to receive little or no charge. Now place an uninsulated con- 
ductor, c, near its outer coating : sparks will pass Irom p to the 
knob of the jar a ; and for every spark that passes to the knob 

* The jar, if well dried, will be found after this discharge still to retain a polar con- 
dition like the cake of the electrophorus. After the discharge, if the inner coating 
be withdrawn by an insulating handle, it will give off a positive spark, and, on replacing 
the coating, the jar may be a second time discharged ; and the same series of operations 
may be repeated several times. »- 



342 



OHABGS OF THE LEYDEN JAB. 



Fio. 180. 



of the jar, a spark will pass Jfrom the outer coating to the uninsu- 
latecf conductor c. If the jar be receiving 
positive electricity from the machine upon its 
interior, it will be found that an equal quan- 
tity of positive electricity is disengaged from 
the exterior. A second uninsulated jar may 
be placed so as to receive upon its knob the 
sparks from the exterior of the first ; it will 
tnus become charged to an extent equal to the 
charge of the first jar. Again, if three insu- 
lated jars be placed as in fig. 181, where p in- 
dicates the prime conductor, \^ilst the coat- 
ing of the last jar is brought near to a wire, n, 
proceeding firom the insulated rubber of the 
machine, for each spark that passes from the 
conductor, p, a similar spark will be seen to pass between each 
of the jars, and between the last jar and the wire n. In this way 

Fig. 181. 





each jar will become equally and powerfully charged, although 
both the machine and the jars are completely insulated . 

From the foregoing experiments it is plain that a jar when 
charged, contains no more of either electricity than it does in its 
neutral condition, but the distribution of the two forces is differ- 
ent. This statement may be illustrated by aid of the diagram, 
fig. 182 : — Let No. 1 indicate an enlarged section of the glass side 

of the jar, the partially shaded 
Fig. 182. circles showing its particles in 

the neutral state ; i represent- 
ing a section of the inner me- 
tallic coating, and o a section 
of the outer coating. Let No. 
2 be a section of the same jar 
when a charge of positive elec- 
tricity has been thrown by the 
machine upon the inner sur- 
face, I. In this case a corre- 
sponding quantity of negative 
electricitv must have passed off from the same coating to the con- 
ductor of the machine, leaving the superficial layer of particles 
bodily charged with positive electricity, as shown by the white 
circles in No. 2. In order, however, that this charge of the innei 
layer may occur, it is necessary that the outer layer be uninsu- 
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lated, for reasons which will be immediately explained. The 
two electricities in No. 2 are represented as being accimciulated 
on opposite sides of each of the particles composing the layers 
intermediate between the inner and outer superficial layers of 
the glass, the white half indicating the positive electricity, the 
black half the negative. Polarization of each particle of the 
dielectric glass intervening between the two surfaces is produced, 
and a quantity of positive electricity is therefore disengaged from 
the second surface, which is exactly equal to that distributed by 
the inner coating, i, upon the first ; but unless an escape be 
afforded for this excess of positive electricity from the second 
surface, no charge is received by the jar, for polarization becomes 
impossible, and no appreciable amount of electricity can enter the 
jar from the machme. At the same time that positive electri- 
city is escaping from the outer superficial layer, a corresponding 
quantity of negative electricity supplies its place, consequently 
this layer becomes bodily charged with negative electricity, as 
indicated by the fully shaded circles. 

It thus appears that the charging of a jar with electricily ig 
totally different from the operation of filling a bottle with a 
liquid; the electricity is distributed not in the cavity of the 
bottle, but in the substance of the glass itself. Indeed, it has 
been already stated that a flat plate will answer equally well 
with the jar, but the jar, from its form, is for the sake of con- 
venience preferred. In the experiment with the three insulated 
jars, an explanation similar to the foregoing one may be given : 
— A quantity of positive electricity passes from the conductor of 
the machine to the inner surface of the first jar. A correspond- 
ing quantity of the same kind of electricity simultaneously passes 
off from the opposite coating into the next jar, which in its turn 
becomes similarly polarized ; and so on in succession, until, from 
the last jar, a quantity ^f positive electricity passes to the rubber, 
exactly sufficient to neutralize the negative electricity liberated 
by the machine, which is necessarily equivalent to the positive 
electricity accumulated on the internal surface of the first jar. It 
is not necessary that the last jar be connected with the rubber 
directly, the same object will be attained by allowing the dis- 
charge to take place into the earth, provided that the rubber also 
be in conducting communication with the earth. Although it is 
usual in the charging of a jar to connect the internal coating 
with the prime conductor, yet the jar may be charged equally 
well if its insulated external coating be connected with the con- 
ductor whilst the inner coating is made to communicate with the 
earth ; in this case, however, the charge on the outer surface is 
positive, whilst the inner surface becomes negative. 

Each jar in the series, fig. 181, thus receives a charge, though 
only one has been placed m connexion with the machine ; the 
superfluous electricity upon the outer coating of the first having 
charged the second, and so on. If the insulations be good, and 
the glass of the jars thin, the last jar will be charged very nearly 
to the same extent as the first. 
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When all the jars have been thus chared, all will be simnl- 
taneously discharged if the inner coating ot the first iar be con- 
nected with the outer coating of the last; but although no 
greater amount of electricity passes between the two extreme jars 
9ian would have passed between the inner and outer coating of 
a single one, the distance through which the spark passes is very 
much greater, and for equal charges it is found to increase as the 
number of jars thus discharged : if a spark of one inch in length 
be obtained with one jar, with two jars the spark would be 2 
inches, with four, 4 inches, and so on. In practice the distance 
is something less, because, owing to imperfect insulation and to 
the resistance of the glass to receive a charge, each succeeding 
jar receives a somewhat weaker charge than the one which pre- 
cedes it. 

(236) Measv/rea of Electricity.— It is upon the principles just 
explained that Snow Harris has constructed his Unit jar^ for 
measuring out definite quantities of electricity. The unit jar is a 
miniature Levden jar mounted on a slender insulating rod of 
glass. Attached to the outside of the jar is a wire tenninating 
m a ball, fig. 183, parallel to the usual wire and ball which 

passes to the interior ; on the wire 
connected with the inside, is a third 
sliding ball, h — this can at pleasure 
be brought to any required distance 
fi*om the ball, a, whicn is connected 
with the outside : whilst the unij jar 
is becoming charged from the ma- 
chine (say that its outer surface is 
rendered positive, as represented in 
the figure), an^^qual q^uantity of 
positive electricity is passing oflT from 
the interior along the wire, at- 
tached to the inside of the jar, b, 
which is to be loaded with a definite 
quantity : as soon as the charge in 
the unit measure rises suflBciently 
hi^h, it discharges itself between the 
adjusted balls, a, S, without aflfecting 
the charge in the jar, b. A second charge is now given to the 
unit jar, which discharges itself when it rises to the same amount 
as before : during each successive charge of the unit jar, a cor- 
responding quantity of positive electricity passes from its exte- 
rior into B, so that by counting the number of sparks that pass 
between a and J, the number of equal quantities or arbitrary 
units which have been given to the jar, b, is ascertaiued. Sup- 
posing the adjustment of the balls, a and J, to remain the same, 
the Jar B may be made to receive, for any number of times suc- 
cessively, equal amounts of electrical charge, by causiug an equal 
number of discharges of the unit jar to take place in each case. 

Other means have been propo&ed for ensuring an equal accu- 
mulation of electricity in a jar. Lome' a diachargvng dectrometer 
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is the simplest of these. One form of this apparatus is shown in 
fig. 184 : its principle of action will be at once apparent, l is 
an ordinary Leyden jar, in the ball, a, of which 
a hole is drilled to receive the brass pin of the 
electrometer ; a bent glass arm, J, carries upon 
its lower extremity a orass socket, Cj through 
which slides an insulated rod carrying a brass 
knob on either extremity ; one of these balls, 
can be placed at any reqtdred distance from tne 
knob of the Leyden jar. A chain or wire, to, 
effects a communication between the sliding rod 
and the outside of the jar. If the intervsQ be- 
tween A and f be maintained uniform, the jar 
will always require the same amount of charge 
before the discharge takes place between these 
two balls, A and /: The quantity of electricity 
in the charge is proportioned to the distance between the balls : 
with an interval of half an inch the force would be double that 
required when the distance was only a quarter of an inch. 

The force of attraction between two charged surfaces has 
been measured by an ingenious modification of the conunon bal- 
ance devised by Snow ELarris. A light disk of gilt wood is sub- 
stituted, as shown in fig. 185, for one of the pans of the balance ; 

Fig. 186. 




beneath it is a second similar insulated disk : the suspended disk 
and the balance beam, through its support, are connected with 
the exterior of a Leyden jar, and the lower insulated disk with 
the interior of the jar. By charging the Leaden jar with definite 
quantities of electricity by means ot the umt jar, the laws which 
regulate the attractive force were experimentally determined. 
One or two of the more important results may be given as an il- 
lustration of the mode of proceeding. 

If a Leyden jar charged with a certain quantity of electricity 
produce between the disks an attractive force suflScient to raise 4 
grains, it will when charged with double the quantity raise four 
times the amount or 16 grains ; with three times the quantity it 
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will raise nine times the amount, or 36 gr^s ; consequently, if 
the extent of charged surface continue obristant, the attraction 
increases as the square of the quantity. / i 

When two equal and similar jars are used instead of one jar, 
and the same quantity, say ten unitsi^ is distributed over them, 
the attractive force will be diminished to ij, and with three jars 
to i of what it was when a single/jar was employed. For in- 
stance, a quantity which on one jar would riaise 18 grains, would, 
if diffiised over two similar jars, raise oifly 4^ grains ; and if 
diflfused over three, it would raise only 2 grains. If, therefore, 
the quantity remain constant, the attractive force is inversely as 
the squares of the charged surfaces of the jars. When the dis- 
tance between the disks was, altered, it was found, for charges of 
equal intensity, that the attractive force varied inversely as the 
square of the distance, — ^the attractive force being 4 times as 
great at 1 inch, as it wa^ at 2 inches, distancb. 

(237) Speoific Induction, — It has been shown that the induc- 
tion between two conducting plates, one of which is insulated 
while the other communicates with the earth, is facilitated by 
diminishing the thickness of the dielectric which separates them, 
and that the insulated plate is enabled to receive a higher 
amount of charge by reducing the number of particles of the 
dielectric which undergo polarization. It is evident from this 
circumstance that the polarization is attended with a certain 
amount of resistance. Faraday discovered that this resistance 
varies in amount with the material of the dielectric employed ; 
some substances becoming polarized more readily than others. 
The relative facility of induction through the different bodies as 
compared with a common standard constitutes their speeijic in- 
ductvce capacity. A plate of shell-lac, for example, of an inch in 
thickness, allows induction to take place across it twice as readily 
as does an equal thickness of atmospheric air, and aulphur with a 
facility equal to that of shell-lac. 

The following table represents, according to Snow Harris 
{Phil. Trans.^ 1842, p. 170), the specific inductive power of 
various bodies : — 

Specific Induction. 



Air 100 

Resin 1-7T 

Pitch , 1-80 

Bees'-wax 1-86 



Glass 1-90 

Sulphur 1-93 

Shell-lac 1-95 



The fundamental fact may be shown by the following simple 
experiment (fig. 186). About 1^ inch above the cap oi a gold- 
leaf electroscope suspend an insulated disk of metal, and com- 
municate a small charge to the insidated disk ; the gold-leaves 
immediately diverge by induction. Between the disK and the 
electroscope substitute for the dielectric air, a body the specific 
induction of which is greater than that of air, such, for example, 
as a plate of shell-lac, s, an inch in thickness, and mounted on an 
insulated handle; the leaves will inmaediately diverge more 
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Fig. 186. 




Fio. 181. 



widely, because induction towards the 
instrument takes place more freely ; on 
removing the shell-lac the leaves of the 
electroscope return to their original di- 
vergence. The effect is precisely simi- 
lar to that which would be produced by 
bringing the charged plate nearer to the 
electroscope in air. Similar phenomena 
occur if a mass of sulphur or of resin be 
substituted for the shell-lac. 

In good conductors no such polariza- 
tion can be traced, a&d in imperfect con- 
ductors, such as spermaceti, the results 
become indistinct^ 

^ith gaseous bodies no difference in 
specific inductive power is found to ex- 
ist : it is remarkable that the chemical 

nature of the gas has no influence ; all gases having the same 
inductive capacity as common air. No variation in temperature, 
in density, in dryness, or in moisture, produces any change in 
this respect. The apparatus with which Faraday mvestigated 
these curious phenomena was a kind of Leyden phial (fig. 187), 
consisting of two concentric metallic spheres, 
A, A, insulated from each other by a stem of 
shell-lac, b. Any dielectric coidd in succes- 
sion be placed between the spheres, whether 
the subject of experiment were solid, liquid, 
or aeriform, as by connecting it with the 
air-pump by means of the stop-cock, s, it 
could be e3mau8ted, and the interval filled 
with any gaseous medium, with the same 
facility as with a liquid {Phil. Trans., 1838, 
p. 9). Two of these jars having been pre- 
pared, a charge was given to one of them, 
after it had been filled with the body the in- 
ductive capacity of which was to be deter- 
mined, and the charge was then divided with 
the second similar apparatus, in which the 
interval between the spheres was filled with 
air only. The intensity of the charge in 
each case was measured by means of a car- 
rier-ball and Coulomb's electrometer. 

(238) Various Modes of Discharge. — 
We pass on now to consider the different 
modes in which the electric equilibrium is 
restored after it has been disturbed: this restoration may be 
effected in one of three ways, for the excited body may be dis- 
charged either by {a) corvmctmi, by (J) disrwptwa, or by (c) 
conveetion, 

(239) a. CoriduGtion. — ^When a charged Leyden jar is dis- 
diarged in the usual way through a discharging-rod, the electri- 
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city passes quietly through the wire of the discharger by conduc 
tion, out traverses the interposed air by disruption, in the form 
of a spark attended with noise. 

All bodies, shell-lac and glass not excepted, possess a certain 
amount of conducting power, which gives rise to the phenomenon 
termed the residue^ charge of a jar, or battery, if a jar be 
charged strongly, and allowed to remain undisturbed for a few 
minutes, and then be discharged, a slight apparent renewal of 
the charge will take place, and a second smaller spark may be 
obtained from it. This Faraday considers to be due to the pene- 
tration by conduction of a portion of the charge into the sub- 
stance of the dielectric. Each surface of the glass acquires a 
weak charge, one of positive, the other of negative electricity ; but 
as soon as the constraining power which caused this penetration 
of the electricity is removed, it returns towards the nearest sur- 
face and produces the slight recharge, or residual charge. 

As no bodies are perfect insulators, so none are perfect con- 
ductors, for even the metals oflFer a certain measurable resistance 
to the transmission of electricitv. The following experiment will 
serve to illustrate this point. Charge a large Leyden jar (fig. 188), 

and arrange a metallic wire, 
Fio. 188. w, 50 or 100 feet in length, so 

as to act the part of a dis- 
charger ; at the same time 
open a short path for the dis- 
charge to the outer coating, 
by bringing the balls a and b 
within a short distance of each 
other. Under this arrange- 
ment, a portion of the electri- 
city takes the shorter course 
from a to J, and overcomes the high resistance of the stratum 
of air interposed between the balls, owing to the resistance ex- 
perienced by the discharge to its passage along the continuous 
conducting wire, w. 

This resistance, even in good conductors, often occasions the 
spark to pass between two contiguous conductors, and produces 
what has been called the lateral sparTc^ which can be elicited, 




Fig. 189. 




even if the conductors subsequently unite below. Thus, in fig. 
189, at the moment a spark passes from p to the ball, a^ a minute 
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tipark will be seen to pass between the wire and the loop, J, if 
they be suflSciently near each other. This lateral spark may ac- 
quire sufficient power to ignite gunpowder or other combustible 
matter. In fact, momentary as is the duration of the discharge, 
induction takes place towards all surrounding objects whust 
electricity is in motion, as well as when it is at rest. 

If in a darkened room a thin insidated wire be made to ter- 
minate at each extremity in a metallic ball, and on one ball 
large sparks be thrown, whilst from the other ball the sparks are 
allowed to pass off to some conti^ous conductor, the air will be 
seen to become feebly luminous from induction along the whole 
course of the wire every time that a spark passes. 

(240) Decdapmerd of Heat. — ^The passage of electricity through 
conductors is attended with evolution of heat, the amount of 
which is inversely as the conducting power. Snow Harris {Phil. 
Trana.y 1827, p. 21), by means of an air thermometer with a large 
bulb, across which were passed in succession wires of different 
metals but of equal length and thickness, found that when equal 
quantities of electricity were discharged through these wires, the 
heating effects were as follows. The metals wich stand first on 
the list are the best conductors, and they emit the least heat : — 



Copper... 
saver .... 

Gold 

Zinc 

natinum 

Iron 

Tin 

Lead 



DevdopmeTd of Heait m Metals hy Electricity. 

AUoys, 



6 




6 




9 


Gold 8, Copper 1 


18 


Gold 1, Copper 3 


80 


Gold 8, Silver 1 . 


80 




86 


Tin 1, Copper 8.. 


72 



= 18 

= 26 

= 15 

= 26 

= 54 

= 18 



It will be seen that by alloying the metals with each other, 
the conducting power is often greatly reduced. Great care 
should therefore be taken to ensure the purity of the metals in 
experiments of this nature. 

If different quantities of electricity be transmitted through the 
same wire, it is found that the rise of temperature is proportional 
to the square of the quantity transmitted in equal times : for 
example, if the thermometer, with a given charge, rise 10°, a 
"ha^e of twice the power will raise it four times as much, or 40°. 

fiy sufficiently reducing the thickness of the conductor at ont 
part of the circuit, the heat may be raised so far as to fuse the 
wire, or even to convert it into vapour. 

The amount of electricitv required to produce this effect, when 
measured by a unit jar, is found to be equdly powerful whether 
it be diffused over a large or small surmce ; the intensity {i. e. 
quantity which passes through a given space in a given time) is 
tne same in the wire in both cases, though the intensity of the 
charge on e^ual surfaces of the jar is very different. Where 
large quantities of electricity are needed, a corresponding extent 
of coated surface is requisite ; this may be obtained either by 
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employing a single jar of large dimensions, or several smaller 
ones, tne inner surfaces of which are connected by wires, and the 
outer surfaces likewise united by placing them upon a sheet of 
tinfoil, or on a metallic tray, "fey discharging such a battery 
through thin metallic wires — of silver, steel, platinum, or copper, 
for instance — ^they will be fosed and dispersed. 

The arrangement represented in fig. 190, shows one method 

of employing such a 
battery for the deflagra- 
tion of metallic wires : 
nine jars are in this case 
represented ; they are 
enclosed in a wooden 
case, B, and rest on tin- 
foil, which communi- 
cates with the earth- 
through the chain o. 
The battery is charged 
from the prime conduc- 
tor p. The internal 
coatings of all the jars 
are connected by cross 
wires. In order to di- 
rect the discharge jof the battery, a wire passes from its inner 
coating to the insulated upper army*, of the discharger a, a second 
wire passes from the ball f, to one of the insulated wires on the 
stand of the universal discharger d., The wire for deflagration, 
is fastened to a card which is also supported on a little stand 
insulated by glass ; and the communication with the external 
coating of the battery is continued by a wire connected with the 
other msulated support of the universal discharger d ; thus the 
conducting communication is complete with the exception of the 
interval between a and J. When the battery is adequately 
charged, the lever I is withdrawn, the ball a and its attached 
wire are thus released, and fall through a hole in the metallic 
army, which is connected with the inner coating, and the circuit 
is completed when the balls a and J come into contact. 

It must be observed that in all cases of conduction the charge 
passes through the whole thickness of the rod or wire, and is not 
conflned to its surface : it therefore makes no difference whether 
the metal is in the form of wire, or is extended over a large sur- 
face as leaf The induction at any part of the wire during the 
discharge is mainly from one transverse section of the wire to the 
contiguous section that immediately precedes and that follows it. 

The dispersion of the conductor bv the passage of high 
charges of electricity leads us to consider next what Faraday 
terms the disruj>Uve discharge. 

(241) J. Disrwptwe Ducha/rge. — ^This mode of discharge is 
attended by sudden and forcible separation of the particles of the 
medium through which it occurs ; and it is attended with extri- 
cation of light and heat. It is best seen between two conductors 
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separated by a dielectric, such as two metallic balls in air. In 
these cases, when a sudden bright spark passes, the discharge is 
as complete as if it had been effected by direct metallic commu- 
nication. The particles of the intervening dielectric are brought 
up to a highly polarized state, until at length the tension on one 
particle rising higher than the rest, and exceeding that which it 
can sustain, it breaks down ; the balance of induction is thus 
destroyed, and the discharge is bompleted in the line of least 
resistance. 

In all these cases, portions of the solid conductors are de- 
tached, and by their i^ition increase the brilliancy of the spark. 
This transfer of material particles by the spark is easily proved, 
for if sparks be caused to pass between a gold and a silver ball, the 
surface of the gold becomes studded with particles of silver, and 
vice versd. If an iron chain be laid on a sheet of white paper, 
and a powerftil discharge be sent through it, each link will leave 
upon the paper a stain, arising from the portions of the metal 
wnich have been detached ; and if the discharge be effected over 
a plate of glass, particles of the metal are frequently forced into 
it. The experiment may be varied by suspending the chain in a 
dark room, and passing the discharge through it ; brilliant defla- 
gration of the iron will be seen at each link. 

If the sparks be taken between wires composed of different 
metals, and the light of each spark be viewed through a prism, 
the spectrum will in each case exhibit the bright lines due to the 
light of the corresponding metal in the state of vapour (107). 

Sparks attended with disruption may also take place m the 
midst of liquid dielectrics. More rarely disruption from the force 
of the discharge occurs in solids : occasionally this is exemplified 
in the Levden jar itself, the tension upon the glass now and then 
rising so high that the glass is perforated. Across this fracture 
discharge always afterwards occurs ; so that no effective charge 
in a battery can be maintained till the cracked jar is removed. 
This disruption of glass may be produced at pleasure by bending 
a wire so that its point may press against the side of a tube or 
other vessel filled with some liquid dielectric, such as olive oil. 
On charging the wire from the prime conductor, and applying a 
ball to tlie outside of the tube opposite tlic end of the wire, a 
spark passes, and a minute perforation is produced. 

Great expansion of the air occurs from the heat developed at 
the moment of the discharge, as is shown in the following experi- 
ments. Paste a strip of tinfoil on glass, cutting it through in 
two or three places with a knife ; place a few wafers or other 
light bodies over the interrupted points, then discharge a jar 
through the tinfoil, and the wafers will be immediately scattered 
in all directions. If a card or half quire of paper be placed in 
the direction of its thickness in the track of the discharge, the 
card or the paper will be burst outwards on both sides. 

Many pleasing experiments may be made by causing a suc- 
cession of discharges to occur through such interrupted conduo- 
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tors : a beautiful display of the electric light may thus be ex- 
hibited in a darkened room. 

(242) Velocity of DiscJuxrge. — Of the velocity of the spark 
discharge some notion may be formed from the brief duration of 
its light, which cannot illuminate any moving object in two suc- 
cessive positions, however rapid its motion. If a wheel be 
thrown mto rapid rotation on its axis, none of its spokes will be 
visible in daylight, but if the revolving wheel be illuminated in 
a darkened room by the discharge of a Leyden jar, every part of it 
will be rendered as distinctly visible as though it were at rest. 
In a similar manner, the trees even when agitated by the wind in 
a violent storm, if illuminated at night by a flash of lightning, 
appear to be absolutely motionless. 

By a very ingenious application of this princfple, Wheatstone 
has shown that the duration of the spark is less than the one 
millionth part of a second. The apparatus is the same in princi- 
ple as the revolving wheel. 

By a modification of the apparatus, Wheatstone was also 
enabled to measure the velocity with which the discharge of a 
Leyden jar was transmitted through an insulated copper wire. 
He estimated the rate of its passage at 288,000 miles in a second, 
{PhU, Trans.^ 1834, p. 689). For this purpose he employed an 
insulated copper wire about half a mile long, through which a 
Leyden jar was discharged. This insulated circuit was inter- 
rupted at three points ; one of these interruptions was within a 
few feet of the inner coating of the Leyden iar ; the second was 
in the middle of the wire, and the third within a few feet of the 
outer coating of the jar. The parts of the wire at which these 
three breaks in the circuit occurred were all arranged side by 
side on an insulated disk, so that the three sparks could be seen 
simultaneously. In fig. 191 a wire is represented as proceeding 
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from the knob of the ^ar to an insulated rod ; when the charge 
attains a certain intensity, a spark passes between this rod and a 
small knob attached to the axis of a revolving mirror, m : to one 
extremity of this axis, the wire which passes to the outer coating 
is fastened; but the discharge is made to traverse the whole 
length of the two intervening long contorted portions of wire, 
before it reaches the outside of the jar. The three sparks, if 
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viewed by the naked eye, appear to be simultaneous. If viewed 
through the glass plate, in a small steel mirror, m, to which is 
given a regulated but extremely rapid revolving motion on an 
axis parallel to its surface, the sparks appear no longer as dots 
of light in the same horizontal Ime, but present the appearance 
of three bright lines of equal length. Tlie two outer ones com- 
mence and terminate in tne same horizontal line, but the middle 
one occurs later than the other two, and the angular position of 
the mirror has had time slightly to advance before the middle 
spark appears, which consequently exhibits an image slightly 
displaced. As the velocity of rotation of the mirror is recorded 
by the register, J, and the*amount of this angular deviation of the 
image of the central spark is easily ascertained, the retardation 
of the discharge by the copper wire, or, in other words, the velo- 
city with which it travels along it, can be estimated. 

This experiment has another important signiScaEion, to which 
due weight appears hardly to have been given ; for it affords a 
convincing proof of simultaneous action and reaction in the oper- 
ations of electricity, and of its existence as a duplicate force : at 
the same moment that a positive influence leaves the inner coat- 
ing, an equal amount of negative influence leaves the outer coat- 
ing, and these two neutralize each other at the central point of 
the conductor, after the lapse of an extremely minute but still 
appreciable interval of time. It appears from this experiment 
that Franklin's theory (227), though in many cases a simple and 
convenient mode of explaining facts, is not the true representa- 
tion of the phenomena. The theory of two fluids, or rather of 
two forces acting in opposite directions, seems by this experiment 
to be demonstrated. 

The velocity of the electric discharge is, however, found to 
vary with the intensity of the charge, and with the nature of the 
conducting medium (Faraday, jPMI. Mag., March, 1854). The 
duration of the discharge may be prolonged by causing it to take 
place through bodies of inferior conducting powers. A charge 
of a given amount, if transmitted slowly, may, by the prolonged 
period through which its heating powers can be applied to a 
combustible, be made to ignite Ixxiies, which the same charge, 
if more quickly transmitted, would only have dispersed : — for ex- 
ample, let two metallic wires be brought within an eighth of an 
incn of each other, and let a little loose gunpowder be placed 
over the interval — the powder will simply be dispersed if the 
charge of a Leyden jar be sent through the wires; but if a few 
inches of wet string be interposed in any part of the circuit, the 
discharge will be prolonged sufBciently to fire the powder. 

(243) Striking Distcmce. — In air, whatever be its density, the 
same amount of charge produces, mteris paribus^ induction to 
the same extent. But the distance through which the discharge 
of equal quantities of electricity takes pl ace in the same gaseous 
medium, varies inversely as the pressure. | This might be antici- 
pated, since under a double pressure double the number of parti- 
cles of air would exist in the same space, and the polarity would 
28 
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therefore be transmitted through double the quantity of insula 
ting matter : — so that, if a given charge in air of ordinary density 
pass as a spark at 2 inches, at double the usual pressure the strik- 
mg distance would be reduced to 1 inch ; at a pressure of one 
half it would be increased to 4 inches ; at one quarter, to 8 inches, 
and so on, until in vacuo theoretically it would pass through an 
unlimited distance. Experiment, however, has shown that a cer- 
tain portion of matter, though it may be attenuated to an extent 
almost bevond the limits of calculation, is necessary for the trans- 
mission of the electric discharge (312). If the density of the air 
continue to be constant, it is found that the striking distance 
varies directly as the intensity of the (Jharge. For example : if 
with a certain charge the striking distance be 1 inch, a double 
charge will discharge itself through 2 inches, and a threefold 
charge through 3 inches (Harris). For equal quantities of elec- 
tricity the striking distance is inversely as the extent of charged 
surface ; so that, when a single jar is charged with a quantity of 
electricity sufficient to produce a discharge at j% of an inch, on 
employing 2 similar jars with the same quantity, the striking 
distance is reduced to and with 3 similar jars to fj^ of an inch. 
F8f equal charges, the striking distance, however, varies in dif- 
erent gases, independently of mey* relative density, so that each 
gas has a specific insulating power.- Hydrochloric acid has twice 
the insulating power of common air, and three times that of hydro- 
gen of equal elasticity. This is in striking contrast to the equality 
of inductive capacity (237) in all gases. 

This inequality of insulating power was proved by Faraday 
by opening to the same charge two separate paths, one of them 
through air, the other through a receiver filled with the gas which 
was to form the subject of the experiment, as shown in fig. 192. 

The distances between the balls were 
1^2. varied until the discharge took place 

with equal facility in both receivers ; 
^ yg ^ the same charge was thus found to 

pi «a traverse double the distance in air that 

' ^ ' ^ it did in hydrochloric acid gas. 

Rarefaction of air, whether effected 
by heat or by mechanical means, equal- ^ 
^ © favours the electric discharge. A 

J....T...L J,..T„L jar may consequently be discharged 

^ ^ througn several inches of a common 

1 - flame, in which the air is rarefied by 

heat to nearly six times its ordinary 
bulk, the temperature of flame according to Becquerel's experi- 
ments being nearly 2200° F. A flame also acts by its pointed 
form in dissipating a charge with great rapidity, and its prox- 
imity should be avoided in exact experiments. 

Dissipation of the electric charge in dry air according to Mat- 
teucci is not increased by agitation of the air. Further, if the 
gases are all perfectljr dry, and at the same temperature and 
pressure, the dissipation of the charge takes place with equal 
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rapidity in air, in carbonic acid, and in hydrogen. As the tem- 
perature rises, the dissipation of the charge increases in rapidity, 
the loss of the charge being twice as rapid at 64° as at 32° F. If 
the density of the air be reduced, the intensity of the charge 
which an insulated body will retain is reduced also, but the dissi- 
pation of the charge is very much diminished. Matteucci found, 
when an electroscope, feebly charged, was placed in a receiver, 
exhausted till the pressure was reduced to 0*118 inch of mercury, 
that the divergence remained unaltered after a lapse of two days. 

The form and size of the spark depend upon the shape of the 
discharging surfaces almost as much as upon the intensity of the 
charge. Between the rounded parts of the prime conductor and 
a large uninsulated metallic, J>all dense bnlliant sparks pass ; 
whilst if the same ball be preSented to a wire which projects three 
or four inches from the conductor, and which terminates in a ball 
an inch in diameter, a long, forked, and often branching spark, 
resembling a miniature flash of lightning, will be obtained. 

When disruptive discharge occurs between a good conductor 
of limited surface and a bad one which exposes a larger surface, an 
intermitting *and dilute spark or hrush passes, which, when it 
occurs in air, consists of a rapid succession of discharges to the 
particles of" air around : such a^rush has a bright root with pale 
ramifications, attended with a 'quivering motion and a subdued 
roaring noise. Such brushes are well seen when, the machine 
being in powerful action, the conductor is made to discharge 
itself into the air by means of a blunt rod which projects from it. 
The brush is largest from a vitreously charged surface, such as 
the prime conductor of the machine. From a negatively charged 
surface this discharge occurs at a lower tension, and more resem- 
bles a bright point or star of light. The formation of brushes is 
facilitated by rarefying the air around the charged points. 

Some remarkable diflFerences have been observed between the 
positive and the negative spark : for equal intensity of charge, 
the striking distance, between a good conductor positively 
charged and an inferior conductor, is greater in air than from 
the same conductor negatively charged, as may be seen in using 
the electrophorus. The greater facility with which positive elec- 
• tricity traverses the air may also be shown in the following man- 
ner : — Colour a card with vermilion ; unscrew the balls, a, J, 
from the discharger, fig. 190, and place the points on opposite 
sides of the card, one about half an inch above the other ; dis- 
charge a large jar through the card. It will be perforated oppo- 
site the wire attached to the negative coating, and an irregular 
dark line of reduced mercury will be found extending on ,the 
positive side to the point of the positive wire. If the ex])eri- 
ment be made in vacuo^ the perforation will be formed midway 
betifl^en the two wires. The distinction between positive and 
n^ative electricity is also beautifully shown by what are termed 
Lichtenberg's figures, which may be obtained as follows : — Dry 
a glass plate, and draw lines on it with the knob of a positively 
charged jar, then sift over the plate a piixture of sulphur and 
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minium in fine powder ; on inverting the plate the minium will 
fall off and leave traces of the lines in sulphur. K the experi* 
inent be made with a jar negatively charged, the minium will 
adhere to the traces, whilst the sulphur will fall off. The ex- 
planation is very simple : by the friction in sifting, the sulphur 
i)ecome8 negatively, tne red lead jjositively electric, and thus the 
bulphur attaches itself to the positively electrified lines upon the 
glass, and the minium to the negatively electrified lines, in ac- 
cordance with the usual law of electric attraction. The experi- 
ment may also be varied in the following way : — Take two circu- 
lar trays of tin-plate half an inch deep and 12 or 14 inches in 
diameter, fill them with melted resin and allow them to cool ; 
cause sparks of positive electricity to fall in 8 or 10 places upon 
one plate, and sparks of negative electricity in like manner over 
the other ; on sifting a little brickdust over the two plates, the 
dry powder will assume the appearance of brushes over the plate 
electrified positively, and of oval or circular patches upon the 
negatively excited plate. Other remarkable differences between 
the sparks from positive and negative surfaces will be mentioned 
when noticing the modified discharges through exhausted lubes 

The colour, light, and sound of the electric spark and brush 
vary in different gases (106^, the brush being larger and more 
beautiful in nitrogra than m any other gas, and its colour is 
purple or bluish. /The sparks in oxygen are whiter than in air, 
hut less brilliant. In hydrogen they are of a fine crimson colour. 
In coal-gas they are sometimes green and sometimes red ; occa- 
sionally both colours are seen in different portions of the same 
spark. In carbonic acid the sparks resemble those taken in air, 
but they are more irregular and pass more freely. 

(244) e. Convection. — ^With a feebler charge the sonorouB 
brush is replaced by a quiet glow, attended in this case with a 
continuous dispersion of the cnarge. The process of disruptive 
discharge thus gradually passes into the third method — viz., that 
by convection. When tne glow is produced, a current of air, the 
particles of which are individually charged, passes from the 
charging surface. The course of this current may be exhibited 
by its action on the fiame of a taper, which will often be extin- 
guished if brought near an electrified point which is connected 
with the machine in action ; and light models may be set in 
motion by it. K the production of the current from the point be 
prevented, as by sheltering the pointed wire in a varnished glass 
tube, the brush or glow may be converted into a series of small 
sparks. These currents may take place in liquid dielectrics as 
well as in gaseous ones. Let a piece of sealing-wax be fixed on 
the end of a wire and attached to the conductor of a machine in 
action ; if it be softened by the application of the flame of a spirit 
lamp, it will be thrown on in filaments towards a sheet of paper 
held near it. Solid insulated particles may also be the medium 
of convective discharge, as is seen when pith-balls or other light 
substances are attracted and repelled by electrified objects ; and 
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in delicate experiments even the particles of dust floatiijg in the 
atmosphere are not without effect m charging or discharging the 
apparatus employed. 

The process of convection assumes considerable importance in 
the phenomena of voltaic electricity, where it is intimately con- 
nected with chemical decomposition. (281 et aeq,) 

(246) Other Sources of Electricity. — Hitherto we have limit- 
ed our attention to cases in which electricity is excited by the 
friction of dissimilar substances. The development of electricity 
by friction is, however, but a special case of a much more general 
law, for it has been found that, whenever molecular equifibrium 
is disturbed, a concomitant development of electricity takes 
place. pThe following instances will exhi])it the variety of cir- 
cumstances under which this observation has been made. The 
mere compression of many crystallized bodies is attended by 
electric action : a rhombohedron of Iceland spar, if compressed 
by the fingers, exhibits this peculiarity. It is also found that all 
bodies that have been pressed together, if properly insulated, 
offer signs of electricity on being separated ; altnough the effect 
is most easily observed between a good conductor and a bad one. 
The two bodies are always in opposite states. Even where two 
disks of the same substance are pressed together, it* one be a little 
warmer than the other, distinct excitement is produced, the 
warmer disk becoming negatively electrified ; the intenaitv of the 
charge, cceteris pariiics, increases in all cases du'ectly as the pres 
sure to which they are subjected. 

Fracture is likewise attended with electric disturbance ; the 
freshly broken surfaces of roll sulphur often exhibit this effect 
to an extent sufficient to produce divergence of the leaves of the 
electroscope when the fragments are placed upon the cap of the 
instrument. The sudden rending asunder of the laminae of a 
film of mica in a dark room, is usually attended with a pale elec- 
trical light, and the separated portions in this case exhibit oppo- 
site electrical states. A melted substance in the act of solidify- 
ing, sometimes exhibits electric excitement. If sulphur be 
alK)wed to solidify in a glass vessel, it becomes negatively excited, 
whilst the glass is rendered positively electrical ; ice also is fre- 
quently electric ; and the same thing has been observed of choco- 
late as it becomes solid. Tliese results are probably due to fric- 
tion occasioned by the contraction or expansion of the solid mass 
in the mould, from which it detaches itself by this change of 
bulk. 

In some instances simple elevation or depression of tempera- 
ture causes electric excitement. Tliese effects are most distinctly 
seen in crystallized non-conductors which are not symmetrical in 
form, being produced in bodies which are hemihedral. Touruin- 
line, Jb^wCTt^ and tbe^ crysta ls of ^^ttlrtaiic acid, offer the best ex- 
amples of this description. 4TEe tourmaline, for instance, com- 
inonly assxmoLes the form of a three-sided prism, the ed^es of which 
are replaced by two narrow planes. The extremities of the 
crystal are formed by the three faces of the rhombohedron. No. 
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1, fig 193, shows the end of the crystal which becomes positiye 
by heat ; No. 2, the opposite end of the crystal which becomes 

n^ative:'- If a crystal of 
Fio. 198. tourmaline be .gently heat- 

ed, it becomes powerfully 
electrical whilst the tem- 
perature is rising, one ex- 
tremity, termed the cmalo' 
gou8 pole, becoming positive, 
the other extremity, or arUi- 
logaus pole, becoming nega- 
tive.* When the tempera- 
ture becomes stationary, the electric excitement ceases : as the 
crystal cools the effect returns, but the electric polarity is re- 
versed; the end of the crystal that before was positive now * 
becomes negative. The particles of the mineral are electrically 
polarized throughout the whole mass ; for, if the crystal be 
broken while thus electrified, each fragment retains its polaritj, _\ 
being negative at one end and positive at the other. In fig. 194, i 

No. 1 represents a tourmaline \ 
Fig. 194. in which the temperature is 

2 A^IhII^H^^HH^-B rising uniformly; No. 2 the- ^. 

same tourmaline in which the 
2 A.immmtmmmmmAjB temperature is falling uni- % 




formly ; and No. 3 shows 
the effect upon a cooling 
tourmaline which has been 
broken across. If the tourmaline be delicately -poised upon its 
centre whilst cooling, these electric states may be rendered ap- 
parent by bringing an excited glass tube near to the mineral : 
one extremity will oe attracted by the excited glass tube, while 
the other extremity will be repelled. If one end of the crystal 
be connected with the cap of a sensitive gold-leaf electroscope, 
whilst the other extremity is in conducting communication with 
fjip. qfirthj the gold leaves will diverge. 

(246) Chemical Action. — No chemical change takes place with- 
out the development of electricity. If a clean platinum capsule 
be connected with a sensitive electroscope and condenser, and a 
liquid which has no chemical action on platinum be placed in 
the capsule, no change shows itself ; but if any other more oxidi- 
zable metal in conducting connexion with the earth be dipped 
into the liq^uid, the liquid iecoines very feebly hut positively eUo- 
t/rified^ whilst the metal which has been acted upon by it becomes 
negative. The intensity of the chemical action in this form of 
the experiment has no influence upon the extent of electric ex- 
citement displayed. If zinc be the metal employed, and pure 
water the liquid, the signs of electric action are just as powerful 

' * The crystal must not be too strongly heated, — about 300° F. bemg the best point ; 
if heated very strongly, as to 760°, or beyond, the tourmalme becomes a conductor fof 
a tune ; it resumes its insulating power on cooling, but is rendered hygroscopic till after 
it has been washed and dried at 800°. (Gaugain.) 



DISGUISED OR BOUND ELKCTRTCIIT. 
Electricity, which, ^rom peculiar inductive facilities," 
{n nno iliroftion is callcil fixed, bound or 
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each modifying the result. Wood appeared to be the material 
best adapted for use in forming the orifice of the jet, a& it pro- 
duced the highest amount of charge by friction ; some bodies, 
such as ivory, produced scarcely any electric eflfect when used as 
jets to the pipe. 

Perfectly dry steam is in fact nearly as good an insulator of . 
electricity as atmospheric air ; but, from the facility of its con- 
densation, it easily produces upon cold surfaces a film of conduct- 
ing matter which destroys the insulation. 

(248)^ Atmospheric Electricity. — ^Another source of electricity, 
the origin of which is at present shrouded in mystery, is the at- 
mosphere itselt*, which affords displays of electric phenomena on 
the most magnificent scale. The identity of lightning and elec- 
tricity had long been suspected by electricians ; but the proof of 
it was first devised by Franklin, who, by the simple expedient 
of raising a boy's kite during a thunderstorm, succeeded in ob- 
taining from the clouds, sparks of electricity, with which he 
charged Leyden jars, and performed some of the usual electrical 
experiments. Such kite-fiying, however, forms a dangerous kind 
of recreation ; and experiments on atmospheric electricity proved 
fatal to Professor Richman of St. Petersburg, who, a few years 
after Franklin's discovery, was killed by a flash from his ap- 
paratus. 

No sooner had Franklin proved the identitjr of lightning with 
electricity, than he proposed his plan of avertmg the destructive 
influence of lightning from buildings, by means of metallic con- 
ducting-rods. In order to render these eflicient, they must pro- 
ject into the air for some distance beyond the highest point of 
the building to be protected. They must also be sufficiently thick 
to carry on the discharge without fusion. This is ensured by the 
use of a copper rod not less than half an inch in diameter. The 
pieces composing these rods should be in metallic contact with 
each other throughout their length, and the conductor should 
terminate in a bed of moist earth, or better still, in a well or body 
of water, so as to secure free communication with the soil. If 
any considerable metallic mass, such as a leaden roof, form part 
of the building, it should be connected with the conductor by 
branch rods, and should also be furnished with branch conduc- 
tors into the earth. The conductors are best placed exterior to 
the walls of the building. 

The explosive power of lightning is so great that its effects 
may well excite our awe and amazement. A single instance 
may be cited in illustration of this point. In November, 1790, 
the mainmast of H.M. ship JSlej^hant^ 74 guns, was struck by a 
powerful flash of lightning. This mast weighed 18 tons, it was 
3 feet in diameter, and 100 feet long, and was strongly bound 
together by iron hoops, some of whidi were half an inch thick 
and 6 inches wide ; yet it was shivered into pieces, and the hoops 
were burst open and scattered around, amidst the shattered frag- 
ments of the mast (Harris). One of the most instructive in- 
stances recorded is that of the Dido^ which, when off Java Head, 
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xn May. 1847, was strack Boon after daylight, during a storm 
attended with heavy rain and little wind, by a tremendous bifur- 
cated flash of lightning, which fell upon the main royal mast. 
One of the branches struck the extreme point of the royal yard- 
arm, and in its course to the conductor on the mast, demolished 
, the yard, and tore in pieces or scorched up the greater part of 
the sail ; the other part fell on the vane-spindle (the point of 
which showed marks of ftision) and truck, which last was split 
open on the instant that the discharge seized the conductor. 
From this point, however, the explosive action ceased, and the 
discharge freely traversed the whole hne of the conductor, from 
the masthead downward, without doing further damage^ One 
of the chief points of interest connected with this case is the 
entire destruction of the yard-arm, which was not supplied with 
a conductor, and the complete protection of the mast, which was 
furnished with one. It is also important as proving the incorrect- 
ness of the law of protection laid down by some French writers 
— viz., that a conducting-rod will protect a circular area having 
a radius double the height of the conductor above the highest 
point of the building. In all cases, the lightning will take the 
path of least resistance, and, from the recorded results of expe- 
rience, it appears that that path of least resistance will, in about 
seven times out of ten, be such that the lightning will strike the 
highest point, if it be furnished with a good conducting line to 
the earth or sea ; but it is quite possible mat instances may occur, 
in which the line of least resistance may be in a diflferent direc- 
tion, or^as in the case of the Dido^ that there may be two such 
lines where the resistances are equal. 

If a break occur in any part of the conductor, explosion will 
take place at this spot when a discharge of lightning is directed 
upon the rod, producing, in many cases, fearful destruction. One 
or the most awful catastrophes of this kind occurred on the 18th 
of August, 1769, when the tower of St. Nazaire of Brescia was 
struck by lightning. Beneath this tower were vaults containing 
upwards of 90 tons of gunpowder, belonging to the Republic of 
Venice. The whole of this enormous quantity of powder ex- 
ploded, destroying one-sixth part of the city of Brescia, and bury- 
ing 3000 persons oeneath its ruins. On a small scale the track 
foflowed by the electricity may be illustrated by sending a dis- 
charge through a series of interrupted conductors, such as gold 
. leaf pasted upon paper. The portions of gold leaf in the line of 
the discharge will be burned up, whilst flie contiguous portions 
not included in the track of the electricity remain unaltered. 

The peal of thunder which accompanies the lightning flash is 
due, like the snap which accompanies the discharge of a Leyden 
jar, to the sudden displacement of air, which, in the case of light- 
ning, sometimes extends through a distance of a mile or more. 
The reverberation of the peal arises chiefly from the echoes pro- 
duced by objects upon the earth, and by the clouds themselves. 
The flash from the thunder-cloud is exactly analogous to the dis- 
charge of the Leyden jar : the cloud and the surface of the earth 
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form the two coatings to the intervening layer of air, which, as , 
in the case of the condenser, supplies the place of the glass, whilst 
a church steeple, or any projecting object, acts the part of a dis- 
charging rod.^ 

Bat it is not only during a storm that the atmosphere exhibits 
signs of electricity. In tine weather, if a flame, or a pointed rod, 
be connected with an electroscope, the instrument usually di- 
verges positively. Before rain, the instrument often assumes a 
negative state : in general, the rain that first falls after a depres- 
sion of the barometer is charged negatively. It frequently nap- 
pens that the rain is negatively charged, although the atmo- 
sphere, both before and after its fall, exhibits signs of positive 
cnarge. Fogs, snow, and hail, if unattended with rain, are nearly 
always positively charged in a high degree. It appears to be 
probable that tne clouds are almost always positive. In most 
cases, when negative electricity is observed in the instruments it 
is simply due to an eflfect of induction. 

In winter, the atmospheric charge is usually higher than in 
summer. According to Quetelet, whose conclusions are based 
upon a series of five years' uninteiTupted observations, the atmo- 
spheric electricity attains an average maximum in January, and 
steadily decreases till June, when it is at its minimum : from this 
period it again progressively increases till January, in which 
month the intensity of the electricity is thirteen times as high as 
it is in June. The electricity of the air may be stated generally 
to be higher in a cloudless than in a cloudy sky. Only once dur- 
ing the months of October, November, December, and. January, 
has he obtained proof of negative electricity in the air. 

The intensity of the charge varies likewise duringeach twenty- 
jur hou rs ; it has two maxima and two minima. j fTOe-flrnt-Tftari. 
muiil'lS beibie wl^ht o'cloiiH A.M. m summer, and before ten a.m. 
in winter ; the second after nine p.m. in summer, and before six 
P.M. in winter. The first minimum is uniformly about four a.m., 
and the second about three p.m. in summer, and one p.m. in 
winter. 

The observations made for some years at the Kew observatory 
by Ronalds, furnish results closely according with those of Que- 
tdgt.t \ 

An ingenious experiment by Becquerel shows that the inten- 
sity of the charge increases with the elevation above the earth's 
surface, and according to Quetelet's observations, the increase in 
intensity is proportional to the height. This law of Quetelet has ^ 
however, been verifiei..ia]Jg[^fgr^hei^^ not exceeding |^Tgeu>i 

• These electrical accumulations are often renewed with extraordinary rapidity. On 
the 6th of July, 1846, about 10 p.m., after a clear hot day, in the masses of vapour 
forming a bank of cumuli, I counted in two minutes 83 flashes unattended by thunder ; 
and seyeral times during the same eyening, I observed between 80 and 40 discharges 
from one cloud to another, per minute. 

f For an interesting (Uscussion of the theory of the development of atmospheric 
electricity, the reader is referred to Delarive's TWcUiae on ElectricUy^ Walker's transla- 
tion, voL iiL p. 116, e< seq. 
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Becqaerel's experiment was the following: — ^Having ascended 
Mount St. Bernard, he attached one end of an insulated gQt 
thread to the shaft of an arrow, and connected the other extrem- 
ity with the cap of an electroscope by a running knot. The 
arrow was then discharged in a vertical direction by means of a 
bow ; as it ascended, the leaves expanded gradually till they 
struck the sides of the glass. When the full length of the thread 
was attained, the upward motion of the arrow detached it alto- 
gether from the electroscope, leaving the instrument charged 
positively. On repeating the experiment, shooting the arrow 
norizontally, no charge at all was obtained. Similar results may 
be obtained on a clear day by ascending a lofty eminence or 
building, to avoid the induction of near objects, and taking a 
gold-leaf electroscope, terminating above in a ball. The electro- 
scope being now in a neutral state, it will, if elevated only for a 
foot or two, diverge with positive electricity. On bringiug it 
back to its original position, the leaves collapse, and on depress- 
ing it below this pomt, the leaves again separate with the oppo- 
site electricity. 

Electricity developes itself in the atmosphere in other forms ; 
thus luminous brushes, stars, and glows, have been frequently 
observed in stormy weather on the extremities of the masts and 
yard-arms of ships, on the points of weapons, and occasionally 
even on the tips of the fingers. These phenomena are, in fact, 
cases of brush discharge upon a large scale, and are in many in- 
stances attended with a roaring noise like that of a burning port- 
fire. Appearances of this description formerly went by the name 
of St. Elm/(f%jlre 'y our own sailors term them comazants, 

(249) Aurora JSoreaUs. — Another very beautiful meteor 
which is sometimes seen in this country in clear frosty nights, 
but which is observed very frequently in higher latitudes, has 

Erobably an electrical origin. This is the aurora horealis. It 
as been supposed to be occasioned by the passage of electricity 
through the rarefied portions of the upper regions of the atmo- 
sphere from the poles towards the equator, but the explanation is 
unsatisfactory, and not adequate to account for the eflFects ob- 
served. The varieties of coloured light exhibited by the aurora 
may, however, be imperfectly imitated on a small scale by dis- 
charging a continued or an intermittent supply of electricity 
through a vessel partially exhausted of air. 

The forms which the aurora assumes are very varied, and of 
extraordinary beauty ; there is, however, usually some general 
similarity in its aspect at the same locality. Commonly, streams 
of light are seen shooting upwards from the northern horizon. 
These streams are frequently observed to meet together in the 
zenith, and produce an appearance as if a vast tent were expand- 
ed in the heavens, glittermg with gold, rubies, and sapphires. 

A remarkable connexion has been observed between the 
aurora and the magnetism of the earth; the mametic needle 
being very generally disturbed during a display of the aurora. 
The arches of the aurora most commonly traverse the sky at 
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ri^ht angles to the magnetic meridian, though deviations from 
this direction are not rai-e. Sir J. Franklin' rounii that the di&^ - 
turbance of the needle was not always proportionate to the agita- 
tion of the aurora, but was always greater when the quick mo- 
tion and vivid light were observed to take place in a hazy atmo- 
sphere. The aurora is most frequent and vivid in high lati- 
tudes towards either pole, but the meteor is not confined to these 

Earts, as Dr. Hooker states that one of the most brilliant displays 
e ever witnessed was under the tropical sky of India ; and other 
observers have recorded instances ot its appearance in the equa- 
torial districts of the globe. 

The altitude of the aurora varies considerably; there is no 
doubt, however, that it friequently occurs at ismall elevations. 
Both Franklin and Perry record examples of its appearing below 
the level of the clouds, ^hich they describe as concealed behind 
the masses of its light, and as reappearing when the meteor van- 
ished. There appear to be two distinct kinds of aurora, one 
dependent upon local causes, as in the cases last mentioned, 
while, in the other, the causes are probably cosmical, and the 
auroral effects are seen at very distant points of the earth's sur- 
face. (Sabine.) 

§ III. Galvanic or Voltaio ELBOTBiorrr. 

(250) Oah)anV% Discovery. — About the year 1790 Galvani 
made the observation that convulsive movements were produced 
in the limbs of a frog recently killed, if brought into contact with 
two dissimilar metals, such as zinc and copper, which were them- 
selves in contact. The experiment may be readily repeated in 
the following manner : — Expose the crural nerve (n, fig. 195) of a 

recently killed frog, touch it 
Fio. 196. with a stri]p of zinc, z, and at 

"" ' the same time touch the sur- 

face of the thigh, m, with one 
end of a bit of copper wire, 
c ; the moment that the other 
end of the copper wire is 
made to touch the zinc, the 

limb is convulsed : but the 

- -„.uii.!ii,i. 'it"'"'''""' — convulsions cease when the 

two metals are separated from 
each other, though they are still in contact with the animal 
tissues. Each time that the zinc and copper are made to touch 
each other, the convulsion is renewed. A live flounder laid upon 
a pewter plate shows no particular sign of uneasiness ; a sihrer 
spoon may also be laid upon its back without any apparent 
effect : but if the spoon be made to touch the pewter while it 
rests on the fish, the animal becomes strongly convulsed. If a 
piece of zinc and a shilling be placed one above and the other 
under the tongue, no particular sensation is perceived so long as 
the two metals are kept separate, but if the silver and the zinc be 
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allowed to toncli each other, a peculiar tingling sensation or 
taste is experienced; and if the silver be pTaceS between the 
upper lip and the teeth instead of under the tongue, each time 
that the two metals are brought into, contact, not only will a taste 
be perceived, but a momentary flash of light will appear to pass 
before the eye. 

These phenomena are all analogous to each other, and have 
an d§ctrical origin ; and by tracing them to this source, a branch 
of electrical science has graduaUy been developed, which in 
honour of its first discoverer has been termed gcmcmism. The 
term galvanism, or voltaic dectnciiy^ as -it is also called, in re- 
membrance of the researches of Volta in this field, is . applied to 
electricity which is set in motion by chemical action. It is 
usually developed by the contact of two dissimilar metals with a 
liquid. 

(251) Elementmy VoUaic Circuits. — These efllects may be 
traced by very simple means. When a plate of zinc is immersed 
in diluted sulphuric acid, the metal becomes rapidly dissolved, and 
an extrication of hydrogen gas takes place, and tne zinc becomes 
dissolved in the sulphuric acid. But if the surface of the zinc, 
after it has been cleansed by immersion in the acid, be rubbed 
over with mercury, a brilliant amalgam is speedily formed over 
the whole face of the zinc. Such a plate may then be plunged 
into the acid, and it will remain without undergoing any chemi- 
cal change for hours. The cause of this inactivity of the zinc is 
not satisfactorily accounted for, but the fact is continually made 
use of in voltaic experiments. The addition of a second amalga- 
mated zinc plate, whether it be in contact with the first, or be 
separated from it, produces no change. But if the second plate 
be of platinum, of copper, or of some metal which is less rapidly 
acted on by the acid than zinc is, although no action will occur 
whilst the two plates remain separate (as shown in fig. 196, 1), 
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yet the moment that they are allowed to touch each other, either 
above (2) or beneath (3) the surface of the liouid, bubbles of gas 
will escape from the surface of the platinum. The platinum, how- 
ever, is not acted upon chemically in this case ; if the two metals 
be weighed before me experiment is commenced, and again after 
it is concluded, the weight of the platinum will be found to be 
mialtered ; but the zinc will have been partially dissolved, and 
will weigh less than it did before. The gas may easily be col- 
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lected hj fOliiiff a tube with diluted acid, and, after introducing 
the platinum plate, inverting the tube in the glass, so that the 
lower ed^e of the platinum may touch the strip of zinc (No. 3). 
On examming the gas which rises in the tube it will be found to 
be pure hydrogen. It is not necessary that the two plates should 
directly touch each other. They may be connected Dy means of 
a metallic wire (as at 4, fig. 196), by a piece of graphite, or by 
any good conductor of electricity ; gas will continue under these 
circumstances to rise from the platinum plate ; but if a glass rod, 
a stick of shell-lac, a bit of gutta percha, or any electric insulator 
be made the medium of intercommunication, all signs of action 
will cease. The length of the metallic wire employed is com- 
paratively unimportant ; it may vaiy from a few mches to many 
miles, and in either case it will enable the action across the liquid 
to take place. A pair of plates of dissimilar metals in effectual 
communicatipn, either by direct contact or through the medium 
of a wire, w'hen immersed in a liquid which acts chemically upon 
one of them, constitutes a voltaw circuit 

(252) Activity of the Conducting Wire. — The wire or other 
medium of communication, during the time that it forms the 
connexion between the two metals, exhibits signs of activity 
which it did not before possess ; it exerts a variety of influences 
upon surrounding bodies, and it loses these powers immediately- 
that the contact with the metallic plates is broken. For in- 
stance, the temperature of the wire is for the time elevated. This 
may be proved by causing the wii'e to traverse the bulb of a 
delicate air thermometer, or by making a compound metallic 
ribbon, such as is used in Breguet's thermometer (140), part of 
the chain of communication between the plates. If a portion of 
the wire be sufl5ciently reduced in thickness, visible ignition of 
such portion may even be produced. Indeed the quantity of heat 
given out by the connecting wire may be employed as a measure 
of the amount of force which it is transmitting. 

(253) Action of the Conducting Wire on the Magnetic Needle. 
— Another remarkable proof of the activity of the wire which 
connects the two metallic plates, is exhibited in the peculiar in- 
fluence which it exerts over a magnetic needle freely suspended 
in a direction parallel to the wire. Such a needle tends to place 
itself at right angles to the wire. If the wire and the needle 
be previously arranged in the magnetic meridian, the amount of 
deviation in the needle affords a comparative measure of the force 
which is conveyed by the wire, as the needle ultimately assumes 
a position of equilibrium between the directive power of the 
earth's magnetism and that of the wire (252). 

The movements of such a magnetic needle afford one of the 
most delicate tests of the development of galvanic electricity, or 
of electricity in motion. It will therefore be necessary to ex- 
amine the direction and nature of these movements. 

The direction of the needle under any circumstances may 
easily be calculated by recollecting the following rule :— When 
the wire is placed the magnetic meridian^ with the end con- 
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neoted with the zinc jplate towa/rds the mrth^ and ihe needle is 
r^Uiced hdow the wvre^ the marked end wHZ deviate westward 
When the needle is above the wire, the marked end will move 
towards the east. The first effect is shown ia fig. 197, 1 ; the 
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second in 2. On reversing the attachment of the wire to the 
plates, the phenomena will m each case be inverted. By means 
of a simple model, the direction of the needle nnder any condi- 
tions may be readily indicated : — Across a square strip of wood 
nail a cylindrical piece at right angles ; let the square rod repre- 
sent the magnetic needle, the round rod the connecting wire (fig. 
197, 3 and 4), then mark upon the square rod the letters n and s, 
and on the round rod, p and z, in conformity with the rnle just 
given ; by placing the model in any given position, the relative 
effect of the wire upon the needle under these circumstances will 
be sh iiTyj^n 

Even the liquid part of a voltaic circuit acts thus upon the 
magnetic needle. This may be shown by suspending a needle, 
n 8j fig. 198, by means of a fibre of silk, over 
a dish of diluted sulphuric acid. On one 
side of this dish a zinc plate, z, is inserted, 
on the other, a plate of platinum, p. The 
needle must be placed so that one of its ends 
may point towards one plate, and the other 
end towards the other plate. If the two 
plates be now connected by a wire, as shown 
in the figure, the needle will be deflected, 
and will place itself nearly parallel to the 
metallic plates. 

(254) The Galvanometer. — Since every 
part of the circuit acts equally upon the 
needle, and since it is possible to make several parts act simulta- 
neously upon it, actions may be rendered perceptible which would 
otherwise be too weak to influence its motion. Fig. 109 will 
convey an idea of the principle upon which this is effected. Sup* 

{)ose the wire connecting the plates p and z to be bent into a 
oop with parallel sides. If a magnetic neejile be suspended 
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between the wires, and parallel to them, the loop and the needle 
being both in the magnetic meridian, with the end n pointing to 

the north, the marked end of the 
needle would be impelled westward 
under the influence of the force in 
the upper branch ; and as the cur- 
rent returns in the reverse direction 
through the lower wire, this ten- 
dency of the north end westward 
would be doubled. By increasing 
the number of coils which are 
placed around the needle parallel 
to each other, very feeble actions 
may be rendered evident. An in- 
strument constructed on this princi- 

1)le is termed a gcil/vanometer, 
^ vanometer may, however, be still 
farther increased by placing outside the coil a second magnetic 
needle with its poles reversed ; the directive force of the earth 
may be thus almost exactly neutralized ; its attractive power 
upon the north end of one needle being almost exactly counter- 
balanced by its repulsive action upon the south end of the needle 
which is parallel to it. A pair of needles thus arranged consti- 
tutes what is termed an astaUc combination. A very feeble 
force will be suflScient to drive one particular extremity of such 
a ^air of needles to the east or to the west ; but the second needle 
being outside the coil, will be acted upon by the upper wires only, 
the lower ones being at too great a distance to produce any sen- 
sible effect. The action of the upper wires upon the needle above 
them coincides with their action upon the lower needle, with its 
reversed poles : and the effect of a feeble current is thus materi- 
ally increased by these combined actions. The conducting wire 
must be covered with silk with a view to preserve each coil duly 
insulated from the contiguous ones. 

The astatic galvanometer is rep- 
resented in fig. 200. The needles, 
n sn^ are suspended, one within 
and the other above the coil of 
wire, w to, by means of a fibre of 
silk, rf, the whole being enclosed 
within the glass case, o. The 
parallelism of the two needles to 
each other is maintained under all 
circumstances, by causing each of ^ 
them to pass transversely through 
the same piece of straw, or by con- 
necting them together by means 
of a piece of fine copper wire ; the 
fibre d is attached to the upper ex- 
tremity of the straw or the wire. 
By means of a screw at a, the point of suspension of the silk can 
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be raised or lowered without twisting it, so that when the needles 
are not in use their weight need not be supported by the silk 
fibre. c, is a sheet of copper provided with a graduation on 
its margin for estimating the angular deviation of the needles ; 
J, J, are binding-screws for connecting the extremities of the coil 
with the wires which transmit the current ; * the apparatus can 
be levelled by means of the screws, m, m / and at a lever is 
shown by which the coil of wire can be placed accurately 
parallel with the magnetic needles, so as tx) make them coincide 
with the zero of the graduated circle. Such an instrument may 
be made not only to indicate the existence of voltaic action, but 
also to measure its amount. When the deviations of the needle 
are small, not exceeding 15° or 20°, the number of degrees of 
deviation gives nearly accurately the relative force ; but for 
angles of greater magnitude, this is not the case, because the 
more the needle deviates from parallelism to the wire, the more 
obliquely and therefore the less powerfully does the force act 
which occasions its motion ;#and it becomes necessary to deter- 
mine the value of the degrees by direct experiment. It would 
require a greater amount of power to move the needle from 20° 
to 25°, than from 20° to 15° : and a still greater to produce a 
deviation from 30° to 36° ; but the force required in each case is 
definite, and consequently may be estimated and measured.! 



* Instead of binding-screws, it is not oncommon to employ small cups containing mer- 
cnry as the means of completing the metallic communication between the different parts 
of the circuit ; the ends of the wires should be made perfectly bright before immersing 
them in the mercury. Copper wires may be easily amalgamated superficially by scour- 
ing them with fine emery-paper and moistemng them with a solution of nitrate of mer^ 
cory ; the perfection of the contact is thus ensured. 

f Melloni's method of graduating a galvanometer is the following, quoted by Tyndall, 
p. 866 of his work on HecA considered as a Mode ^iq, 201. 

of Motion : — ^Two small vessels, v, v, fig. 201, are 
half filled with mercury, and connected separate- 
ly by two short wires, with the extremities, g, g, 
of the galvanometer. The vessels and wire thus 
disposed make no change in the action of the inr 
strument, the thermo-electric current being free- 
ly transmitted as before from the pile to the gal- 
vanometer. But if, by means of a wire, f, a 
communication be established between the two 
vessels, part of the current will pass through this 
wire and return to the pile. The quantity of 
electricity circulating in thie galvanometer will be thus diminished, and with it the de- 
flection of the needle. 

Suppose, then, that by this artifice we have reduced the galvanometric deviation to 
its fourth or fifth part — ^in other words, supposing that the needle being at 10 or 12 de- 
grees under the action of a constant source of heat placed at a fixed distance from the 
pile, that it descends two or three degrees when a portion of the current is diverted by 
the e^mal wire ; I say that by causing the source to act from various distances, and 
observing in each case the totid deflection and the reduced deflection, we have all the 
data necessary to determine the ratio of the deflections of the needle, to the forces which 
produce these deflections. 

To render the exposition clearer, and to furnish at the same time an example of the 
mode of operation, I will take the number relating to the application of the method to 
one of my Thermo multipliers. 

The external circuit being interrupted, and the source of heat being sufficiently dis. 
tant from the pile, to give a deflection not exceeding 6 degrees of the galvanometer, let 
24 
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(266) Allusion has already been made to the physiological 
action of the current, in consequence of which, if a living animal, 

the wire be placed from y to y ; the needle falls to 1*'*6. The connexion betweai the 
two yessels being again interrupted, let the source be brought near enough to obtain 
successiyelj the deflections : — 

6°, 10°, 16% 20% 26% 80% 86% 40% 46*. 

Interposing after each the same wire between y and y, we obtain the following num< 
bers: — 

l**-6, 8% 4'*-6, 6°-8, 8*'-4, ll°-2, 16'*-8, 22'-4, 29**-7. 

Assuming the force necessary to cause the needle to describe each of the first degrees 
of the gaJyanometer to be equal to unity, we haye the number 6 as the e]q>ressi<HL of 
the force corresponding to the first obseryfi^n. The other forces are easily obtained 
by the proportions : — 

1*6 : 6=a : z^:^ a^8-888 a 

1*0 

(that is to say, one reduced current is to the total current to which it corresponds, as 
any other reduced current is to its correspondii^total current), where a represents the 
deflection when the exterior circuit is closed. We thus obtain — 

6, 10, 16-2, 21, 28, 87-8, 

for the forces corresponcBng to the deflections — 

6% 10% 16% 20% 26% 80*. 

In this instrument, therefore, the forces are sensibly proportional to the arcs, up to 
nearly 16 degrees. Beyond this the proportionality ceases, and the diyergence augments 
as the arcs increase in size. 

The forces belonging to the intermediate degrees are obtained with great ease dther 
by calculation or by graphical construction, which latter is sufficiency accurate for 
these determinations. By these means we find — 



Degrees 18* 14* 16* 16* 17* 18* 19* 20* 21* 

Forces 18 14-1 16 2 16*8 17*4 18*6 19-8 21 22-8 

Differences 1-1 1*1 1*1 1-1 1-2 1-2 1-2 1-8 

Degrees 22* 28* 24* 26* 26* 27* 28* 29* 80* 

Forces 28 6 24 9 26 4 28 29-7 816 88*4 86-8 87-8 

Differences 1-4 1-6 1*6 1*7 1*8 1*9 1-9 2 



In this table we do not take into « account any of the degrees preceding the ISth, be- 
cause the force corresponding to each of them possesses the same yalue as the dcdSeo- 
tion. 

The forces corresponding to the first 80 degrees being known, nothing is easier than 
to determine the yalues of me forces corresponding to 36, 40, 46 degrees and upwards. 
The reduced deflections of these three arcs are — 

16*-8, 22*-4, 29*-7. 

Let us concdder them separately, commencing with the first In the first plaoe^ 
then, 15 degrees, according to our calculation, are equal to 16*2 ; we obtain the yalue 
of the decimal 0*8 by multiplying this fraction by the difference I'l, which exists be- 
tween the 16th and 16th degrees ; for we haye eyidently the proportion — 

1 : 1-1 = 0-8 : 35 = 0-8. 

The yalue of the reduced deflection corresponding to the 86th degree will not therefbre 
be 16'"8, but 16*-2-|-0*-8=16-6. By shnilar considerations we find 28*-6+0*-6=24*-l 
instead of 22**4, and 86**7 instead of 29**7 for the reduced deflections of 40 and 46 
degrees. 

It now only remains to calculate the forces belon^ng to these three deflections— 
16**6, 24**1, and 86**7 — ^by means of the expression 8*888 a ; this giyes us — 

The forces 61*7 80*8 122*8 

For the degrees 36* 40* 46* 

Comparing these numbers with those of the preceding table, we see that the eensitiye* 
ness of our galyanometer diminishes considerably when we use deflections greater than 
80 degrees. 
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Fig. 202. 



or a part of one recently killed, such as the limb of a frog, be 
included between a pair of plates, muscular contractions are 
produced ; similar eflfects occur if a portion of the human body, 
Buch as the tip of the tongue, be included between two inter- 
rupted points of the conducting wire. But in addition to the 
heating, magnetic, and physiological effects, another remarkable 
series of phenomena, tnose of chemical decomposition, may be 
exhibited at the interrupted points of the conducting wire. 
These, however, are more distinctly shown when a number of 
pairs of plates is employed. 

(256) The Voltaic Pile, — In prosecuting the experiments of 
Galvani, Volta discovered that oy using a number of similar 
metallic pairs moistened by a saline or by a feebly acid liquid, 
many of the effects already described were greatly increased, and 
in the year 1800 he published a description of the apparatus 
which he had contrived, and which has perpetuated the name of 
its inventor under the designation of the Voltaic Pile.^ This im- 
portant instrument is represented in fig. 202. It consists of a 
succession of pairs of plates of two dissimi- 
lar metals, such as zinc, z, and copper, c, or 
zinc and silver, each pair being separated 
on either side from the adjacent pairs bv 
pieces of card or flannel, f, moistened with 
salt and water, or with very weak acid : 
these plates mav be supported by a frame 
of dry wood. The effects produced by such 
an apparatus were soon seen to be of ai\ 
electrical character. If the ends of the pile 
or the wires connected with them were 
touched, one with each hand previously 
moistened, a sensation similar to that of the 
electric shock was experienced. Sparks 
could be obtained between two pieces of 
charcoal attached to the ends of tne wires ; 
divergence of the gold leaves of the electro- 
scope was produced when one wire touched the cap of the instru- 
ment, whilst the other wire was in communication with the 
. earth ; and other electrical effects were obtained. In arranging 
the plates of metal it is necessary strictly to observe a certain 
order in their succession ; thus, if a plate of zinc with a wire 
attached to it form the bottom of the pile, a piece of wet flannel 
must be placed upon it, then a piece of copper, then a piece of 
zinc, then flannel, then copper, tnen zinc, then flannel, and so on, 
till the pile terminates at the top with a plate of copper to 
which a wire is Attached. By soldering together the zinc and 
copper in pairs, a considerable improvement is effected ; com- 
plete contact of the two metals is insured, and the apparatus can 
be mounted with more rapidity. Many practical inconveniences, 
however, are experienced when the instrument is mounted in the 
form of a pile : the liquid in the flannel soon loses the power ^ 
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acting. cLeinically on the zinc, and the activity of the combina 
tion rapidly declines. 

Another more effectual arrangement adopted by Volta is 
shown in fig. 203 ; he termed it tne Crown of Cvjp%. In this 
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form, the liquid in the cell corresponds to the moist flannel of the 
pile, and the zinc of one cell being connected with the copper of 
the adjacent cell, the arrangement corresponds exactly wiui that 
of the pile, where the zinc is on one side of the flannel, whilst the 
copper in contact with the other surface of the flannel communi- 
cates with the zinc touching the flannel next above it, and so on. 
Other more eflScient forms of the voltaic battery will be described 
further on. 

The Conditions required to produce VoUaic Action. 

(257) Electric Disturlam^ce Try Contact of Dismrdlar Metals, 
— ^Having in the foregoing remarks traced the voltaic phenomena 
to a modification of electricity, we may now proceed to examine 
more particularly the conditions under which they occur. 

It was early observed by Volta that when two different 
metals, properly insulated, are brought into contact, and then 
separated by means of insulating handles, each plate exhibits 
signs of electricitv which may be detected by a sensitive electro- 
scope such as Bohnenberger's {note § 298). The more oxidizable 
metal is found to be positive, while the less oxidizable metal is 
negative. If zinc filings be sifted through a piece of insulated 
copper-wire gauze upon the cap of a gold leaf electroscope, the 
leaves of the instrument will diverge. On approaching the elec- 
troscope with an excited stick of sealing-wax the leaves will col- 
lapse, thus proving that the zinc filings have acquired positive 
electricity. If copper filings be sifted through zinc gauze, the 
filings will bg found to be negative. The various metals may, 
with reference to these electric actions, be arranged in a series in 
which those first in order become positive by contact with all 
those that follow, and negative with all those that precede : for 
example, potassium, zinc, iron, lead, tin, copper, mercury, silver, 
gold, platinum. This, it may be observed, is merely the ord^ 
of the oxidabilitv of the different metals, and Delarive contends 
with great probability that the development of electricity in 
Volta^ experiment is due to an excessively minute oxidation pro- 
duced by the moisture of the air upon the plate which becomes 
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positive, though the experiments by which he attempts to prove 
the point are not absolutely conclusive. 

V olta regarded the interposed liquid of his pile in the light 
merely of an imperfect conductor which allowed induction to 
take place thLrougn it, the electrical equilibrium being perpetually 
disturbed by the contact of the two metals ; and h^ overlooked 
the chemical changes which the liquid is continually underffoing. 

(268) CJiemic(d Action essmtml to the Production of Voltcm 
Action. — It is now known that chemical changes are essential to 
the production of the force. Contact of dissimilar substances, it 
is true, is necessary to the voltaic action ; because without con- 
tact there can be no chemical action. Such contact produces dis- 
turbance of the electric equilibrium in the bodies which are 
brought together, and thus occasions a state of tension or polarity 
whicn always precedes the discharge. Chemical action, by re- 
newing these contacts and by furnishing appropriate conductors 
to the electricity thus accumulated, maintams the action and ac- 
curately measures its amount ; and until chemical action occurs 
no current is produced. The following experiment may be cited 
in illustration of this point : — ^Let an iron wire be connected with 
one extremity of a galvanometer of moderate sensibility, and a 
platinum wire with the other extremity ; immerse the ends of 
the wires in highly concentrated nitric acid (sp. gr. about 1*45), 
without allowing them to touch each other in the liquid ; no 
chemical action will occur upon the iron, and no movement of 
the magnetic needle will be produced ; but the addition of a little 
water will determine a rapid solution of the iron in the acid, and 
the needle, at the same moment that the chemical action com- 
mences, will receive a powerful impulse. 

(259) Polarization wnd Tranter of tJie Elemmts of tJie Liqwid. 
— ^The simple occurrence of a powerful chemical action is not 
alone sufficient to produce a powerful voltaic ejSfect. The metals 
are all excellent conductors oi electricity, and, in combining with 
each other to form alloys, they often give evidence of intense 
chemical action, but they do not produce any adequate voltaic 
effect. -VFor example, if a small quantity of tin be placed in a 
tube bent into the form of the letter U, and be^ melted by the 
heat of a spirit-lamp, and it be connected on one side with the 
wire of a galvanometer, which is introduced into the melted 
metal in one limb of the tube, whilst into the second limb of the 
tube a platinum wire, connected witii the other extremity of the 
galvanometer, is plunged, the platinum wiU unite with the tin 
with incandescence, but after the first moment of contact but a 
slight deviation of the magnetic needle will be oblferved, although 
a brisk chemical action is continued for several seconds. A solu- 
tion of the elementary bodies, chlorine or bromine, when used as 
the liquid between the plates, although it acts powerfully on the 
zinc, produces by no means a proportionate power in the circuit. 

In order that the liquid shall possess any marked power of 
exciting voltaic action, it must be a compound susceptible of de- 
composition by one of the metals, such, for instance, as dilute 
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gnlphuric, hydrochloric, or hydriodic acid, or a saline Bubstance, 
giicn as chloride of sodium or iodide of potassium. This neces- 
sity for the employment of a compound liquid for exciting the 
force, appears to rise from the necessity of a ]^>ec]^ar polarization 
in the liquid in order to enable it to transmit the TOitaic action. 
Indeed, m all voltaic actions the transfer of power is effected by 
a polar influence, propagated through both the solid and the 
liquid particles of the circuit, and the chain of conducting mate- 
rial must be continuous throughout, so that the force shaU drcu- 
late. 

This process of polarization may be conceived to occur in the 
following manner, which offers an explanation of the mode in 
which the platinum (or the plate of metal which corresponds to 
platinum) may be supposed to act : — ^When a plate of pure zinc 
or of amalgamated zinc is immersed in a compound liquid, which, 
like a solution of hydrochloric acid (HCl), is capable of attacking 
it chemically, the metal at the points of contact becomes posi- 
tivelv electrified, whilst tlio distant portion becomes negativa 
The layer of liquid in contact with the zinc undergoes polariza- 
tion, which affects each molecule of its chemical constituents ; the 

E articles (C) of chlorine become negative, and the particles of 
ydrogen (H) positive : but in this form of the experiment there 
is no communication between the distant negative part of the 
zinc and the positively electrified particles of nydrogen ; conse- 
quently, beyond the production of this state of electric tension, no 
change ensues. This condition is represented in fig. 204 (1). feut 
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the case is entirely altered if a plate of platinum, or of some other 
metal which is not easily acted upon by the acid, be introduced, 
and made to touch the zinc. By contact with the zinc the plar 
tinum itself becomes polarized ; it imparts a certain amount of 
positive electricity to the zinc, and receives a portion of negative 
in return, and transmits the polar action to the liquid. A chain 
of polarized particles is thus produced, as represented in fig. 204 
(2) ; the chlorine of the particle of HCl nearest the zinc becomes 
negative under the influence of the chemical attraction which 
exists between it and the zinc, and the hydrogen becomes posi- 
tive ; the second and third particles of HCl become similarly 
electrified by induction ; but the platinum, under the influence 
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of the indnction of the zinc, being negative, is in a condition to 
take np the positive electricity of the contiguous hydrogen. The 
action now nsesTiigh enough to enable the zinc and the chlorine 
to combine cheinically with each other ; the chloride of zinc thus 
produced is dissolved by the liquid, and is removed from further 
immediate action ; but the particle of hydrogen nearest the zinc 
now seizes the oppositely electrified chlorine which lies next to it, 
and a new portion of hydrochloric acid is reproduced, whilst the 
liydrogen in the second particle of the acid is transferred to the 
chlorine of the adjacent particle, and the particle of hydrogen 
which terminates tine row is electrically neutralized by its action 
upon the platinum, to which it imparts its excess of positive 
electricity, and immediately escapes m the form of gas. Fresh 
particles of hydrochloric acid continually supply the place of 
those which h^ve imdergone decomposition, and in this way a 
continuous action is maintained. ^ Thus the transfer of electricity 
from particle to particle of the liquid is attended at the same 
instant by a transfer of the constituents of the liquid in opposite 
. directions. 

These changes are not successive, but are simultaneous in each 
vertical section of the liquid, and are also attended with corre- 
sponding changes at all points of the entire circuit. These 
cnanges when continued uninterruptedly constitute what is con- 
veniently termed a vcltaic current. This term, ' current,' is in 
general use, but it should be borne in mind that it is in this sense 
employed merely to signify the continuous transmission of force, 
not of any material substance. In every voltaic current it is as- 
sumed that a quantity of negative electricity, equal in amount to 
>that of the positive set in motion, is proceeding along the wire 
in a direction opposed to that in which the positive electricit;^ is 
travelling ; and it is conceived that by the perpetual separation 
and recombination of the two electricities in the wire, its heating 
and. other eflfects are produced. In order to avoid confusion, 
however, whenever the direction of the voltaic current is rpferred 
to, the direction of the positive current alone is indicated. 

The polarization of the 
metallic and liquid parti- 

cles composing a circuit +1 — fllHIHHl — I 

when zinc is placed in an 
acid, or, in other words the 
occurrence of electric ten- 
sion as a preliminary to the 
passage of the voltaic cur- 
rent, may be shown by the 
following experiment (Gas- 
sTot). A plate of platinum, 
p, ns. 205, and another of 
amalgamated zinc, z, are 
immersed in dilute sulphu- 
ric acid, and the wire which proceeds from each is insulated and 
connected with the two gilt disks, a, 5, of the electroscope, e : 
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these disks are insulated from each other, and from the ground 
by the glass of the apparatus ; they slide easily to and fro in the 
sockets, and can be brought within a quarter of an inch or less 
of each other ; a single gold leaf, mounted as in the ordinary 
electroscope, is suspended midway between them : now if the 
positive end of a Deluc's pile (298), d, be brought near the cap of 
the instrument, the gold leaf will approach me disk a, which is 
connected with the zinc plate ; the leaf becomes positive by in- 
duction from the positive end of the pile, and is therefore attract- 
ed by the negatively electrified disk a ; but if the opposite end 
of the pile d, which is charged with negative electricity, be pre- 
sented, the gold leaf becomes negative, and is attracted by the 
positively electrified disk J, which is in connexion with the pla- 
tinum plate. The amount of the electric tension increases in pro- 
portion as the number of pairs is increase d^ Gassiot found with 
a battery of 400 pairs of Urove's cells, eacn cell being carefully 
insulated, that a succession of sparks passed between the termi- 
nals when brought very near to each other ; and if each end of 
the battery was connected with a gold-leaf electroscope, the 
leaves of each diverged powerftdly, the wire in connexion with 
the platinuiQ plate famishing positive, that with the zinc plate, 
negative electricity. (299.) 

(260) Energy of the Owrrent proportionate to the Chemical 
AcHvity, — In order to produce a current, the two metals which 
are employed must be acted upon by the exciting liquid with 
different degrees of rapidity : thus, when two similar slips of 
zinc, or of any other metal, are opposed to each other, no current 
is excited. The galvanic action is strongest between two metals 
upon which the chemical action of the components of the exciting 
liquid differs most widely ; for, from what has been already 
stated, it is evident that two strips of zinc would tend to produce 
polarization, and subsequently currents of equal intensity, in op- 
posite directions, so that the two would necessarily neutralize 
each other. When zinc is opposed to tin, a current is produced, 
setting out through the liquid from the zinc to the tin ; zinc and 
copper give rise to a stronger current^in the same direction; 
wnilst between zinc and platinum the current is still more power- 
ftil ; and between potassium and platinum the action attains its 
maximum. By forming an amalgam of potassium, this last-men- 
tioned experiment admits of easy performance ; for it has been 
found that the voltaic relations oi all amalgams are the same as 
those of the more oxidable metal which they contain. A good 
deal of the potassium is oxidized by what is termed local action, 
without contributing in any way to the production of the current. 
The distinction between local action and action which contributes 
to the voltaic effect is important, and may be illustrated by the 
difference in action of diluted sulphuric acid upon a slip of ordi- 
nary zinc and upon a slip of zinc from the same sheet which has 
been amalgamated : in flie first case rapid solution of the metal 
will occur, although the connexion with the platinum plate may 
remain incomplete ; in the second, the zinc will be attacked only 
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when the circuit is completed ; but the unamalgamated zinc will 
produce no greater voltaic effect than an equal slip of the metal 
which has been properly amalgamated, lii no instance is the 
force in circulation increased by the local action on the plates, 
whatever be the nature of the metal. 

Wheatstone has devised a method (274) of measuring the 
amount of the dectro-moti/ve foree^ or energy of the voltaic 
power, produced by any combination ; and he has by this means 
proved conclusively that this energy depends upon the intensity 
of the chemical action between the elements of trie liquid and the 
metals which compose the circuit. He has shown that if any 
three of these dissimilar metals be taken in their electrical order 
and be formed in pairs into separate circuits, the force generated 
by a combination of the two extreme metals of the series is equal 
to the sum of the forces developed when the intermediate metal 
is separately combined with each of the other two in succession. 
For example, the voltaic energy, or electro-motive force, excited 
between platinum and an amalgam of potassium may be repre- 
sented by the number 69 : the electro-motive force between pla- 
tinum and zinc, expressed in terms of a similar standard, is equal 
to 40 ; and in a similar experiment between zinc and potassium, 
where zinc acted the part of a negative metal towards the potas- 
sium, the number obtained was 29. Now 

the amount of force between platinum and zinc = 40 
the amount of force between zinc and potassium = 29 

the two taken together = 69 

and this number, 69, is identical with that obtained by opposing 
platinum to the amalgam of potassium. 

(261) Di/rection the Current dependent on the Direction of 
the Chemical Action, — In all these cases the positive electricity 
sets out from the more oxidizable metal, which may be termed 
the positive, or generating plate, and traverses the liquid towards 
the less oxidizable metal which forms the negative or conducting 
plate : from the conducting plate the force is transferred to the 
wire, and thence in turn to the generating plate ; and in this way 
the circuit is completed. Unless this circulation can take place, 
all the phenomena of voltaic action are suspended. Since the 
chemical action of any combination is thus always in one uniform 
direction, the motion of a magnetic needle under its influence is 
equally uniform : the amount of force which is thrown into cir- 
culation, whether it be measured by its magnetic or by its heat- 
ing effects, is proportioned to the quantity of the positive metal 
which is dissolved in a given time. 

Every liquid which is active in exciting a voltaic current may 
be regarded as consisting of two groups of substances, one of 
which attacks the generating or positive plate, and may be 
termed the electro-negative constituent of the liquid, whilst the 
other is transferred to the conducting or negative plate, and con- 
stitutes the electro-positive constituent. 
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^ The elementary bodies have indeed been classified upon thii 
principle into electro-positive and electro-negative snbstances ; 

Electro-chemical Order of the Principal Elements. 

Electro-negative. 
Oxygen 
S^lphnr 
Se^nium 
Nltro^^n 
Flnonne 
Chlorine 
Bromine 
Iodine 
Phosphorus 
Arsenicum 
Chromium 
Vanadium 
Molybdenum 
Tungsten 
Boron 
Carbon 
Antimony 
Tellurium 
Titanium 
Silicon 
Hydrogen. 



hydrogen and most of the metals being electro-positive ; oxygen, 
ohlorine^ and other substances of this nature being electro-nega- 
tive. ' In the preceding table the more important of the elements 
are arranged in the electro-chemical order on the authority of 
Berzelius. It has been remarked that the more strongly electro- 
positive metals crystallize in forms belonging to the regular sys- 
tem, whilst the non-metallic elements, and those metals which are 
most electro-negative, crystallize generally in other forms. 

It is probable that the order here followed is not exactly cor- 
rect. Fluorine, and chlorine perhaps, ought to stand at the head 
of the list ; there is no doubt that hydrogen should stand much 
nearer to potassium ; and according to late experiments aluminum 
should take its place between lead and cadmium. It is also cer- 
tain that the elements do not under all circumstances maintain 
the same relative order, but that in particular cases the order ifl 
altered : for example, in strong nitric acid, iron is nearly as elec- 
tro-negative as platinum ; again, a metal may be electro-positive 
when it forms the basyl of a salt, but electro-negative when 
associated with the elements of the acid constituent^! Indeed it 
may be laid down as an invariable rule that whenever the chem- 
ical action is inverted the direction of the current is inverted also. 



Platinum 
Palladirim 
Merieury 
Silver 
Copper 
Bismuth 
Tin 
Lead 
Cadmium 
Cobalt 
Nicjcel 
Iron 
Zinc 

Manganese 
Uranium 
Aluminum 
Magnesium 
Calcium 
Strontium 
Bariiipi 
Lithium 
Sodium 
Potassium. 
Elect/ro-poaitive. 
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The voltaic order of the metals given above is that which is ob- 
served when diluted acids are used as the exciting liquids, but it 
by no means represents the order in which they stand when the 
current is excited hj the use of a caustic alkaline solution or a 
sulphide of the alkahne metals. / This point is well exemplified 
in the following results given by Faraday (PhU. Trms,, 1840, p. 
113). The metals which stand first on eacn list are negative to 
all those which follow them. The place of iron in the strong 
nitric acid is that which it shows immediately on immersion ; it 
becomes much more powerfully electro-negative afterwards : — 



Dilate 
Sulpbnrio 
Acid. 


Dilate 
Nitric Add. 


Dilate 
Hydrochloric 
Acid. 


Nitric Acid 
8p. Or. 1-48. 


Solation 
of Caastic 
Potash. 


Yellow 
Solphide of 
Potassiam. 


saver 


Silver 


Antimony 


Nickel 


Silver 


Iron 


Copper 


Copper 


Silver 


Silver 


Nickel 


Nickel 


Antimony 


AntimoQj 


Nickel 


Antimony 


Copper 


Bismuth 


Bismuth 


Bismuth 


Bismuth 


Copper 


Iron 


Antimony 


Nickel 


Nickel 


Copper 


Bismuth 


Bismuth 


Lead 


Iron 


Iron 


Iron 


Iron 


Lead 


saver 


Lead 


Lead 


Lead 


Tin 


Antimony 


Tm 


Tin 


Tm 


Tm 


Lead 


Cadmium 


Cadmium 


Cadmium 


Cadmium 


Cadmium 


Zinc 1 


Tm 


Copper 
Zmc 


Zinc 


Zinc 


Zinc 


Cadmium 


Zinc 



The relative size of the generating and conducting plates has 
no influence upon the direction of the current, which sets in as 
ceirtainly through the liquid from a square inch of zinc to a square 
foot of copper as from a sq|[uare foot of zinc tp. .a square inch of 
copper. rTEe spread of this force meijVe traced in an interesting 
manner by substituting a solution of sulphate of copper for sul- 
phuric acid as a part of the exciting liquid; copper will be 
thrown down instead of hydrogen, and by its colour and thickness 
will very accurately indicate the extent and direction of the ac- 
tion. The experiment is easily made by taking advantage of a 
property possessed by porous diaphragms, in consequence of 
which, a piece of any ammal membrane, or of unglazea earthen- 
ware, which can be thoroughly wetted by the liquids, will allow 
the current to traverse it without opposing any material obstruc- 
tion to its passage. Diluted sulpnuric acid may thus be em- 
ployed upon one side of the diaphragm, and a solution of sul- 
phate of copper upon the other side : under 
these circumstances a current would be freely Fio- 206. 

transmitted, whilst the two liquids would be 

i>revented from intermingling. For example, 
et a piece of bladder, 6, tig. 206, be tied 
firmly over the lower end of a wide tube open 
at both extremities; place some diluted sul- 
phuric acid. A, in the tube, and suspend a rod 
of amalgamated zinc, z, in its axis ; support 
the tube so that its lower end shall dip be- 
neath the surface of a solution of sulphate of copper, s, contained 
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in a shallow glass dish, upon the bottom of which rests a sheet of 
copper, c : on connecting the zinc and copper by the wire, 
voltaic action .will ensue, and a deposit of metallic copper will be 
produced upon the plate, c. It wiU, however, be observed that 
this deposit does not take place uniformly over the surface of 
the sheet o, but that it commences in the centre in a circulai 
form ; the layer of copper shows itself first at the jpoint imm^i- 
ately beneath the extremity of the zinc rod, and it is at this point 
that the greatest thickness of the deposit occurs; it gradually 
becomes uiinner towards the circumference of the circle, which, 
however, continues to increase in diameter as the experiment pro- 
ceeds, until, if sufficient time be allowed, the plate is covered with 
reduced copper. 

Whilst a metal is thus rendered electro-negative by voltaic 
action, it is no longer liable to the ordinary action of chemical 
agents. A beautiful application of this principle was made by 
Davy to the prevention of the corrosion of the copper sheathing 
of ships by the action of sea water. Copper is the material best 
adajpted to preserve the timbers of the snip from the attacks of 
manne insects and boring animals ; but this metal, when sub- 
jected, under ordinary circumstances, to the combined influence 
of the salts dissolved in sea water and of the atmospheric air 
which it also holds in solution, experiences corrosion, which in 
the course of a few years renders it necessary to renew the cop- 
per. It was, however, discovered by Davy, that by placing 
pieces of zinc, or of cast-iron, in contact with the copper under 
water, this corrosion could be prevented ; and that a surface of 
zinc, not exceeding yj^^ of that exposed by the copper, was ade- 
quate to the entire protection of the copper, the whole of the 
chemical action being transferred to the zinc ; and that even 
when the surface of zinc was reduced until it was only equal to 
TirVir of that of the copper, a considerable preservative effect was 
experienced. But the very success of the experiment in the 
direction anticipated, created difficulties of another kind ; earthy 
matters, consisting of compounds of calcium and magnesium, 
were deposited from the sea water by the slow voltaic action, 
and they attached themselves to the surface of the copper ; weeds 
and shell-fish found in this deposit a congenial pabulum, the bot- 
tom of the ship became foul, the sailing qualities of the vessel 
were necessarily impaired, and the system of voltaic protectors 
was abandoned. For some years past a kind of brass, introduced 
by Mr. Muntz, which admits of being rolled whilst hot, has, in 
the merchant service, been largely and advantageously substituted 
for copper as a material for ships' sheathing. In this case the 
zinc and the copper are combined in the sheet itself, which is less 
rapidly corroded than if composed of either metal separately. 
The protective influence of zinc both on copper and on iron is 
readily shown by exposing bright bars of these metals in separate 
vessels, either in sea water or m a solution of common sau con- 
taining an ounce of salt in each pint of water. If a fragment of 
zinc be attached to one of the bars of copper and to one of the 
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bars of iron, these bars will remain bright, whilst the zinc is cor- 
roded ; but the xmprotected bars will, in a few hours, give evi- 
dence of the commencement of chemical action. 

Another remarkable proof of the dependence of the cuA-ent, 
for its direction and its force, upon chemical action, is aflforded 
by the manner in which a voltaic circuit may be produced be- 
tween two surfaces, one of which has a stronger attraction for 
hyd/rogm than the other possesses. For example, when two 
clean plates of platinum are immersed in diluted acid, and con- 
nected with a galvanometer, no voltaic action is excited ; but the 
case is diflferent if one of these platen be first coated with a film 
of some metallic peroxide, such as peroxide of manganese {MnO^^ 
proxide of lead {PhO^^ or peroxide of silver {Ag^U^). The plati- 
num plate may be thus coated by immersing it in a solution of 
sulphate of manganese, of nitrate of lead, or of nitrate of silver, 
and connecting it with the platinum side of a- weak voltaic ar- 
rangement for a few minutes, whilst the liquid is connected by a 
second plate with the zinc end of the battery : the plate, after it 
has been thus coated with the oxide, must be well washed with 
distilled water. If it be then opposed to a plate of clean plati- 
num, and immersed in anv diluted acid, it will originate a cur- 
rent which depends upon the chemical attraction of the hydrogen 
of the diluted acid for the second atom of oxygen in the peroxide. 
In a combination of this description the clean platinum becomes 
positive, and corresponds to the zinc plate, whilst the coated 
platinum becomes negative. The coated plate, although nega- 
tive, thus becomes the generating or active surface, and ta'ansmits 
the cun;ent at once to tlie conducting wire. 

"Paraday has shown that the direct contact of dissimilar metals 
is not necessary to the production of the voltaic current, provided 
that they are connected by some liquid of sufficient conducting 
power. This is a point ot considerable importance, as it shows 
that Volta's theory of the origin of the force, which is still main- 
tained by many philosophers who have not made the chemical 
phenomena of the pile their especial study, is deficient in accu- 
racy. 'The following is the simple experiment, which pro'vesTEe 
point now under discussion : z, fig. 207, is a plate of zinc, bent 
at a right angle ; p, a platinum plate, to which 
a platinum wire is attached. At a small 
piece of blotting paper, moistened with a solu- 
tion of starch and iodide of potassium, is inter- 
posed between the plate of zinc by which it is 
supported and the platinum wire which rests 
upon it ; no change occurs in the solution of the 
iodide until the two plates are immersed in 
diluted nitric acid ; but in a few minutes after 
such immersion, evidence of a current in the 
direction of the arrow is afforded, by the ap- ^ 
pearance of a blue spot against the platinum 
wire, due to the liberation of iodine, from the decomposition of 
the iodide of potassium by the voltaic action. 
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(262) Circuits with one Metal cmd injoo Liquids. — For tihe 
establishment of a voltaic current, it is farther necessary that the 
body which decomposes the liquid be a conductor of electricity, 
in order to carrjr on the force generated ; but it is liot necessary 
to use two dissmiilar metals, provided that one extremity of the 
metal be plunged into a liquia capable of acting on it, whilst the 
other extremity dips into a diflEerent liquid which has little or no 
action on the metal, but which communicates freely with the first 
liquid. 

Take, for example, a tube bent into the form represented in . 
fig. 208, 1. Place a plug of tow in the bend ; into one limb, 



Fio. 208. 




pour a solution of chloride of copper {Cu CIA in the other limb, 
6, place a solution of common salt (Na CI) (chloride of sodium). 
Connect the open ends of the tube by bending a strip of copper 
so that one end of it shall dip into the solution of copper and the 
other end into the solution of salt. Crystals of copper will be 
formed gradually upon the end of the strip which is immersed in 
the metallic solution, whilst the end of the strip which is im- 
mersed in the salt and water will be slowly corroded, and chloride 
of copper will be formed. The following diagram may assist in 
explaining this change : — 

A 

(1.) Gu I ^^cCo^i, I ir^i^m^ci, I Cu 

(2.) CuCu I Cl^,Cri^a,ci^,Cl^ | 

Let the symbol Cu CL, represent the combination of chloride 
of copper, Na^Cl, that of chloride of sodium, the line at a being 
used to sho«wr the position of the plug of tow. If No. 1 indicate 
the state of things before any change has occurred, No. 2 will 
represent the change after the circuit is complete. 

K the strip of copper be divided in the middle, and the two 
ends be connected with a galvanometer, g, as shown in fig. 208, 
2, a current is found to be circulating through the apparatus. A 
still simpler arrangement may be adopted ; if a long straight tube 
be filled half full with diluted sulphuric acid, and the remainder 
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with a solution of sulphate of copper, a strip of copper plunged 
into it will be dissolved below, while an equal amount of copper 
will be deposited on the upper extremity ; from the extreme 
slowness" and regularity of the action, the metal will assume the 
form of crvstals. Becquerel, by using various liquids in the two 
limbs of tlie bent tube (No. 1) has obtained many of the metals 
crystallized in forms of ^eat beauty. 

By employing two dissimilar metals in the metallic arc, as p z, 
(fig. 208, 3) , a more powerful but equally regular action may be 
excited. If a solution of common salt be placed in one limb, 5, 
and a solution of green chloride of iron in the other, a, whilst the 
zinc end of a compound arc of zinc and platinum is plunged into 
the first, and the strip of platinum is immersed in the second 
liquid, tetrahedral crystals of iron will in a^ few days be deposited 
upon the platinum. K a little chloride of iron be mixed with 
chloride of zirconium, and substituted for the chloride of iron in 
the limb a, plates of zirconium will be obtained, of a steel-gray 
colour, and which, by exposure to the air. become oxidized and 
fall to a white powder. 

Becquerel has shown, that within the strata of the earth sim- 
ilar actions are going on ; and E. W. Fox and others, by con- 
necting the surfaces of two contiguous lodes of metallic ore by 
means of wires attached to a galvanometer, have succeeded in 
demonstrating to the eye the existence of these feeble but con- 
tinuous currents which are probably the cause of the accumula- 
tion of the different metals in regular beds, and of their beautiful 
crystalline arrangement. 

Other ""combinations may be produced, in which the mutual 
action of the two liquids originates the current, the metal merely 
serving as a conductor. Becquerel was the first to point out the 
means of obtaining circuits ot this description, of which the fol- 
lowing is a good example : — ^If a small porous vessel be filled 
with nitric acid, and be immersed in a second vessel containing 
a solution of hydrate of potash, on plunging two platinum plates 
connected witn the wires of a galvanometer, one into the acid, 
the other into the alkaline liquid, a steady current of considerable 
intensity will be produced, and will be maintained for manv 
days, in a direction passing from the potash to the nitric acid, 
and thence returning through the galvanometer to the alkaline 
liquid. A still more powerful combination was obtained by 
Matteucci on substituting a solution of pentasulphide of potas- 
sium for the caustic potash. A single cell of this construction 
decomposed acidulated water if interposed between the platinum 
wires, and on breaking contact a distinct spark was perceptible 
at the surface of the mercury employed to connect the two plati- 
num wires. Arrott {Phil, Mag, xxii. 427) has described a 
variety of other cases of this kind. These actions, however, will 
be more conveniently studied in connexion with the chemical 
effects of the voltaic battery at a future point (289). 

(26^ Summary. — ^Tlie conditions necessary to the production 
of a voltaic current may be shortly recapitulated as follows : — 
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Though the contact of dissimilar metals produces electric dis 
turbance, chemical action is necessary to propagate the voltaic 
current. This chemical action must be produced by means of a 
compound liquid, which is decomposed in the process, one of the 
constituents of the liquid entering into combination with one of 
the metals. In the transmission of the voltaic power, a polariza- 
tion of the liquid, as well as of the solid portions of the circuit, is 
produced, and this polarization of the liquid is attended with the 
separation of its constituents into two groups, one of which 
unites with the positive metal, whilst the other makes its appear- 
ance at the same moment upon the negative plate. The activity 
of the combination, or its electro-motive force, is greater, the 
greater the difference between the chemical attraction of the 
electro-negative . constituent of the exciting liquid for the two 
metals which are opposed to each other in the particular case. 
The relative size of the plates employed has no influence on the 
direction of the current which is produced. Contact of two 
metals is not necessary to the production of voltaic action : cir- 
cuits may be formed between one metal and two liquids, if the 
liquids be in liquid communication with each other, and if their 
chemical attractions for the metal be unequal. It is even possi- 
ble to obtain a current from the mutual action of two dissimilar 
liquids, if these liquids exert a chemical action upon each other, 
by connecting the liquids through the intervention of a metal 
upon which Siey exert no chemical influence, and which there- 
fore simply performs the part of a conductor. 

Differmt forma of the Voltaic Battery. 

(264) Counteracting Currents : OojS Battery, — We shall now 
resume the consideration of those forms of voltaic combination 
which are the most important in practice, and in which, general' 
ly, two dissimilar metals are employed. 

It has been already stated that the amount of force set in 
motion in a voltaic arrangement, depends upon the difference 
between the attraction of Sie two metals for the active principle 
or radicle of the acid. Under circumstances favourable to the 
production of a current, decomposition of the liquid which excites 
the action always occurs ; the elements of4he liquid are separate 
from each other, and they either combine with tne metallic plate, 
or else they accumulate upon its surface, giving rise to the condi- 
* tion of the plates which is often described under the inappropriate 
term polarization of the plates or electrodes. These adhering 
substances oppose the voltaic action and enfeeble it, owing to the 
i-'tendency^ of the separated components of the liquid to re-unite. 
When, lor example, diluted sulphuric acid is used, it becomes a 
desideratum to get rid of the hydrogen which adheres to the pla- 
tinum, and produces a current in the opposite direction. The 
existence of this counter-cuiTent may be rendered evident by 
connecting with one ei:d of the wire of a galvanometer a plati- 
num plate which has been thus opposed to a plate of zinc : on 
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Fig. 209. 



attaching to the other end of the galvanometer wire a second, 
but clean platinum plate, and plunging both into diluted acid, 
a powerful deflection of the needle will be observed. 

This observatiou has been ingeniously applied by Grove, who 
has constructed what he terms a gas hattery^ by opposing a plate 
covered with oxygen to the plate coated with hydrogen, whilst at 
the same time he increases the surfaces of contact between the 
platinum and the oxygen and hydrogen. Fig. 209 represents a 
cell of this battery. It consists of two tubes o and 
H ; through the upper extremitj^ of each passes a 
platinum wire, which is fused mto the glass, and 
attached to a platinum plate sufficiently long to 
reach to the bottom of the tube. The surfaces of 
these plates are coated by means of voltaic action 
with Imely-divided platinum, for the purpose of 
increasing the surfaces of contact between the 
metal and the gas. The tube h has double the 
capacity of the tube o. These tubes are supported 
in the vessel s, by the plug through which thev 
pass. In order to use the apparatus, the vessel s is 
filled with diluted sulphuric acid, and by inverting 
the cell the tubes are likewise filled with the liquid. 
The plates in the tubes o and h are then connected 
by the mercurjr cups at top with the wires of a 
voltaic battery in action, so that by the decomposi- 
tion of the diluted acid the tube o shall become 
fiUed^ith oxygen, and the tube h with hydrogen. 
The tubes having been thus filled, the battery wires are with- 
drawn. If the mercury cups at the top of the tubes o and h be 
now connected with the wires of a galvanometer, powerful deflec- 
tion of the needle will be produced, and a current will be main- 
tained through the apparatus in the direction of the arrows. The 
two gases will gradually diminish in bulk, and will in a few days 
entirely disappear, but the current will be maintained so long as 
any portions of the gas remain uncombined. By connecting 8 
or 10 such cells in succession, so that the oxygen tube of one cell 
shall be connected with the hydrogen tube of the adjacent cell, 
sparks may be obtained between charcoal points, and various 
cnemical decompositions may be effected. The polar chain by 
which these changes are produced, may thus be represented bv 
symbols : SO^^ indicating an atom of diluted acid, and H, 
representing the disturbing atoms of oxygen and hvdrogen 




U,80, K,SO, R,SO, H 



The brackets above the row of symbols are intended to show 
the molecular arrangement before the circuit is completed ; those 
beneath the symbols show the action during the passage of the 
current. 

Since no action occurs in the gas battery until metallic) com- 
25 
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mnnication between the plates is effected, it appears that the nse 
of the platinum plates consists in favouring tne action by con- 
densing the gases upon their porous surfaces, and in acting as 
conductors of the current. . 

It riiay indeed be stated generally, that the accumtdation of 
either of the elements of the exciting liquid upon the metalhc 
plates of a voltaic combination, always tends to produce a coun- 
ter-current, and therefore reduces the efficiency of the combina- 
tion, to a proportionate extent. Hydrogen is the element which, 
in the usual mode of experiment, principally accumulates upon 
the negative plate, so that any contrivance by which the adher- 
ing hydrogen is removed, exalts the energy of the circulating 
force. This removal of the hydrogen may be effected by means 
which act either on chemical or on mechanical principles. The 
chemical principle is the most perfect. It consists in adding to 
the liquid a compound which has a tendency to unite with the 
hydrogen ; hence the energy of the current is much increased by 
mixing a little nitric acid (H,NC^,) with the exciting liquid, com- 
paratively little hydrogen being set free in this case.* The same 
end is attained by adding to the sulphuric acid a solution of 
some of the metallic salts, such, for instance, as sulphate of cop- 
per {Cu^SO^, When sulphate of copper is employed, metalhc 
copper is deposited upon tne negative or conducting plate, whilst 
the sulphuric acid radicle, with which it was previously united, 
combines with the zinc. A disadvantage, however, is experienced 
when the liquid which absorbs the hydrogen is in contact with 
the zinc, ana this is particularly evidenced when sulphate of cop- 
per is used. The zinc acts at once on the solution of copper, and 
becomes coated with reduced copper ; hence, between the parti- ^ 
cles of zinc and those of the reduced copper innumerable smdl 
circuits are produced, which occasion a violent discharge of hy- 
drogen from the entire surface of the generating metal, or rather 
from the copper deposited upon it ; but the zinc thus dissolved 
contributes nothing to the general effect ; it becomes merely a 
case of local action (260). 

This experiment with the sulphate of copper throws light 
upon the cause of the effervescence which takes places when 
common zinc is treated with diluted sulphuric acid. Commercial 
zinc always contains lead and other foreign metals mixed with it 
in very appreciable quantity ; these act as discharges to the hy- 
drogen, and give rise to numerous local circuits at all points of 
the surface of the zinc. Perfectly pure zinc is dissolved very 
slowly in acid for want of these discliarging points, but the acid 
is not absolutely without action upon the metal. Any inequality 
in susceptibility to chemical action gives rise to a current between 
two substances suitably disposed ; hence any difference in density 
between two pieces of the same metal may suffice to cause a cur- 
rent ; and a piece of hammered zinc will generally act as a con- 

^ By the action of hydrogen on nitric acid, peroxide of nitrogen (NOs) and wiAev 
are formed, thus : HNOs+H=NOa+HaO. 
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ductinff plate to a piece of zinc well annealed. The adherence 
of a film of oxide or of fatty matter to the surface of one piece 
will also canse a diflference, and hence two pieces of metal which 
may even have been cut from the same strip, may, under certain 
circumstances, produce a feeble current. 

The inconvenience which is occasioned by local action, when 
nitric acid or sulphate of copper is mixed with the liquid which 
is.in contact with the zinc, may be avoided by the employment 
of porous diaphragms ; and if the zinc or generating plate be 
plunged into diluted sulphuric acid, whilst the platinum or con- 
ducting plate is made to dip into the nitric acid or into the solu- 
tion of sulphate of copper, which is separated from the generating 
plate by means of a tube of porous earthenware, combinations of 
great efficiency are obtained. 

(265) DanieWs Battery. — ^These important facts were first 
clearly enunciated by Daniell. Their application to the voltaic 
battery enabled him to detect the cause of the rapid decline in 
the activity observed in all the forms of batteries which up to 
that period had been devised, and they led him to the invention 
of an arrangement which not only oDviated these defects, and 
enabled him to keep up a current of uniform^ strength for many 
hours, but also furnished electrical science with a battery of far 
greater activity for its size than any which had previously been 
used. Fig. 210 exhibits a section of one of the cells of Daniell's 
combination. The outer case, c, con- 
sists of a cell, or cylinder of copper, 
which is constructed so as to retain 
liquids, and is filled with a solution of 
* sulphate of copper, b, acidulated with 
an eighth of its bulk of sulphuric acid. 
The solution is kept saturated with the 
salt by means of crystals of sulphate of 
copper, D, which rest upon the perfor- 
ated shelf, F. In the axis of the cell 
is placfed a tube of porous earthenware, 
B, filled with an acid solution, a, which 
consists of 1 part of oil of vitriol dir 
luted with 7 parts of water. A rod of 
amalgamated zinc, z, is placed in this tube. On making a me- 
tallic communication between the zinc rod and the copper cell, 
a voltaic current is established ; and by employing twenty or 
thirty cells of this description, always connecting the zinc of one 
cell with the copper of the next, a combination of great power is 
obtained. 

The following^ diagram may serve to explain the manner in 
which the force is transmitted through the cells : — the diluted 
Bulphuric acid may be regarded as a compound of hydrogen with 
sulphur and oxygen, and is represented as H,/S'6>, : whilst sul 
phate of copper may be looked upon as a compound of copper 
with the same compound of sulphur and oxygen, and is indicated 
by the symbol CuSO^, Let the brackets £^ove the row of sym- 
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bols represent the connexion of the particles which compose the 
liquid before contact is made between the plates Cu and Zm, at 
the ends. The alteration ui the molecular arrangement of the 
liquid which occurs after the connexion is made between the cop- 
per and the zinc, may be represented by the altered position of 
the brackets beneath : the Ime a, which divides the symbols of 
the sulphate of copper from tiiose of the sulphuric acid, in this 
case represents the porous diaphragm : — 

The result of the action is, that so long as tHe contact between 
the plates is maintained, sulphate of zinc is formed uninterrupt- 
edly in the porous tubes, whilst a continual deposit of a corre- 
sponding quantity of metallic copper takes place upon the inter- 
nal surface of the copper cylinder. Fig. 211 shows a convenient 
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and inexpensive form of Daniel's battery. The solution of sul- 
phate of copper is contained in glass or earthenware iars 7 inches 
deep, and 8^ inches in diameter. The copper plates consist 
merely of rectangular sheets of copper, one of which is repre- 
sented at A ; they are bent into a cylindrical shape and placed in 
the jars. By means of the strip J, each plate is easily connected 
with the zinc rod of the adjacent cell, and made fast to it by the 
binding-screw c. The colander, for the support of the crystals 
of sulphate of copper, rests upon three or u)ur little pieces of 
copper, which are made to project inwards upon the sheets, at a 
suitable height as shown at d. At b, several cells of the battery 
are represented as arranged in a consecutive series. Twfenty such 
cells compose a battery adequate to the performance of almost 
any experiments of the chemical decomposition of bodies in solu- 
tion. 

It is essential in mounting a voltaic arrangement of any kind, 
that the surfaces of contact between the metals be perfectly clean : 
a film of oxide will materially impede the transmission of the 
current, and if the force in circulation be feeble, it may even 
arrest it altogether. As a precaution, it is better before connect- 
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ing the different parts of the apparatus, to pass a file or a piece 
of emery-paper over all the surfeces of the copper, the zinc, or the 
other oxiai?able metals which are to be placed in contact witii 
each other. Surfaces of platinum, if well washed and dried, do 
not need friction with emer^-paper. 

(266) G'^(W^« ^t^rw^J.cta — ^The nitric-acid battery, 
contrived by Grove, is a still more powerful combination on the 
same principle as DanielPs. It consists of a slip of platinum, p, 
fig. 212, which is plunged into the porous tube, n, and this is 

filled up with undiluted 
nitric acid. The outer 
^ cell, 8, is filled with di- 
luted sulphuric acid, and 
in this acid is placed a 
flat sheet of amalga- 
mated zinc, z, bent so as 
to infold the porous tube. 
The acid liquid in s may 
be conveniently made of 
1 measure of oil of vitriol 
diluted with 4 measures 
of water. This combi- 
nation presents in a small compass the principal desiderata for 
attaining intense voltaic action. Platinum is the least liable of 
the metals to chemical action, whilst amongst the metals that 
admit of bein^ easily wrought, zinc is the one which is most 
readily attack^ by acids ; consequently the opposition of plati- 
num to zinc furnishes a most effective voltaic combination ; whilst 
nitric acid absorbs with ease the hydrogen liberated on the plati- 
num, and thus forms water and nitrous acid, which remain in 
solution in the lindecomposed acid ; the resulting liquid consti- 
tutes one of the most perfect of liquid conductors, If HJS 0^0 in 
the following diagram represent nitric acid, and Bi^SO^ diluted 
sulphuric acid, I^t the platinum plate, and Zn the zinc one, the 
molecular arrangement will be indicated, before the action by 
tlie position of the brackets above, and after the action by the 
position of those below. 

Pt HN^ I n^O, Zn 

With a battery of ten such cells, 6 inches high and 2^ inches 
wide, a large number of brilliant experiments may be performed, 
but four or five cells are generally sufficient for most pui-poses of 
electro-chemical decomposition. If oil of vitriol be mixed with 
the nitric acid in the porous cells in the proportion of about equal 
measures, a current is thus obtained, the strength of which is 
more uniform than when nitric acid only is used (Callan). 

With a view to economy, Bimsen substitutes for the platinum 
plates in Grove's battery, cylinders of carbon, prepared by heat- 
ing together a mixture of powdered coke and caking coal, or pow- 
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dered coke moistened with a strong solution of sugar. A firm 
coherent coke is thus obtained. CyTinders made of this material 
answer well while'new ; but bein^ porous, the carbaa absorbs the 
nitric acid, which corrodes and impairs the surface of contact 
with the zinc. A better material is the hard carbon from the 
gas retorts, but it is difficult to shape it into the form of plates, 
f oggendorff {Liebig^s Annal. xxxviii. 308) has employed plates 
either of sheet iron or cast iron instead of either platinum or car- 
bon ; in strong nitric acid the iron is totally unacted on ; but if 
the acid become diluted till it has a specific gravity of 1-35, or 
less, it is liable to act upon the metal with uncontrollable 
violence. No combination possesses the intense energy, in union 
with convenience of working and comparative durability, in the 
same degree as that proposed by Grove. It is necessary, how- 
ever, to place the nitnc acid battery so that the fiimes of nitric 
acid (which are copiously evolved during its action, especially 
after the battery has been in use for some time) shall pass at 
once into the open air ; as they would otherwise seriously incom- 
mode the operator. 

(267) The other mode of obviating the counteracting agency 
of hydrogen upon the negative plate of the battery is less perfect, 
and is of a mechanical nature. It was first practically applied bv 
Smee in the construction of the voltaic battery. ELvdrogen ad- 
heres to smooth surfaces of platinum and other metals with con- 
siderable force, but it passes off with ease from their asperities 
and edges : by multiplying their points and irregularities, as, for 
example, by the deposition of metal on the surface in a pulveru- 
lent form, the escape of the gas is much facilitated. Smee em- 
ploys as the negative or conducting plate in his battery, a plate of 
silver, the face of which has been roughened by the deposition 
of finely divided platinum upon its surface ; each side of the silver 
plate being exposed to a plate of zinc well amalgamated, and of 
equal extent, which acts as the positive plate. This pair of plates 
is excited by means of diluted sulphuric acid. Fig. 213 represents 
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a battery constructed upon Smee's principle : a thin platinized 
silver plate is supported in a light ffame of wood, as shown de- 



BSSISTANCE8 TO THB YOLTAIO OUBBENT. 391 

tached at s ; to the upper part of this frame a binding-screw, in 
metallic connexii»n with the silver, is fastened, for the purpose of 
connecting the plate with the zinc plates of the adjoining cell, by 
means of a strip of sheet copper bent as at c ; on either side of 
the silver plate a sheet of amalgamated zinc, z, z, is supported by 
the clamp shown at h ; the zinc plates are prevented from con- 
tact with the silver plate by means of the wooden frame, and 
they are connected with the silver of the adjacent cell by a 
second binding-screw in the clamp shown at J; the separate 
plates are attached to a wooden frame, and bring counterpoised 
by weights, as indicated in the figure, can be lowered into the 
trough of acid when wanted for use, or can be withdrawn from it 
when the experiment is over. The trough is divided into separate 
cells or compartments for each pair of plates, by glass partitions 
rendered water-tight by means of a resinous cement. 

(268) Resistances to the Voltaic Gv/rrent. — ^The amount of 
force which circulates in any given circuit is not dependent solely 
upon the energy of the chemical action which is exerted between 
the generating metal and the exciting liquid. The current expe- 
riences a retardation or a resistance from the very conductors by 
which its influence is transmitted ; just as in the transmission of 
mechanical force, the intervention of the pivots and levers which 
are required for its conveyance introduces additional friction and 
additional weight, which require to be overcome or moved, and 
which thus diminish the efficient power of the machine. 

The resistance to the voltaic current may be considered as of 
two kinds — ^first, that resistance which arises from the exciting 
liquid employed in the voltaic cell itself ; and secondly, that 
which arises from the conducting wire and apparatus exterior to 
the voltaic cell. In a large number of cases the resistance oflfered 
by the exciting liquid is by much the most considerable, and it is 
inseparable from tne combination ; whilst the second source of re- 
sistance, or that which is exterior to the cell, can be increased or 
diminished at pleasure, and by the employment of very short 
and thick wires for connecting the plates, can be virtually re- 
moved altogether or annihilated. It will be advisable to con- 
sider first the resistance produced by the liquid in the active cell 
itself. 

If plates of equal size be taken, the resistance occasioned by 
the liquid increases directly as the distance between the plates ; 
the longer the colunm of imperfectly conducting matter which 
the force has to traverse, the greater is the difficulty which it will 
experience. If two plates be immersed in acid at the distance of 
an inch asunder, they will produce 12 times the efifect that they 
^ould occasion at the distance of a foot from each other. On the 
other hand, the larger the area of the plates that are immersed, 
the less is the resistance. For example, if a pair of plates 1 inch 
broad and 12 inches long, be immersed in acid to the depth of 1 
inch only, the current produced will only be equal to one-twelfth 
of that which would be obtained bv immersing each plate for its 
whole depth of 12 inches in the liquid. The resistance of the 
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liquid is therefore directly as the distance between the plates, and 
inversely as the surface of the plates exposed ^ to its action. A 
pair of plates exposing each a square inch of surface, immersed in 
acid at a distance of 1 inch apart, will consequently produce an 
eflfect equal to that which would be obtained from a pair of plates 
wluch each exposed a surface of 12 square inches to the action of 
the liquid, if they were 12 inches apart. 

A case somewhat analogous is oflfered when water is trans- 
mitted through pipes. The greater the length of the pipe, the 
more considerable will be the friction and the consequent resist- 
ance to the passage of the liquid ; whilst the larger the area of the 
pipe the more readily will the water escape. An aperture which 
exposes a sectional area of two square inches will allow twice 
as much water t :> escape from it in a given time as an aperture 
of which the superficial area is but a single square inch. 
^ If the two plates are of unequal size, out are immersed paral- 
lel to each other, they may, for most practical purposes, be cal- 
culated as each exposing a surface equ§,l.to t^e^ean surface of 
the two. Other circumstances indepenofiit of tlie extent of sur- 
face exposed by the plates, and the distance between them, mate- 
rially influence the resistance of different liquids to the current. 
Any cause that favours chemical action between the active metal 
and the liquid, or which diminishes the force by which the elements 
of the liquid are united, such as elevation of temperature, dimin- 
ishes the resistance of the liquid. In most cases an increase in 
the concentration of the solution, provided its strength be not so 
great as to render deposition of crystals liable to occur, diminishes 
the resistance (278). The current likewise experiences a specific 
resistance in each liquid which depends upon the force with 
which its particles are united together. 

Similar, but distinct resistance, though to a less extent, is 
offered by the metallic part of the circuit. However good its 
conducting power may be, it always offers some obstruction to 
the current. The longer the wire employed, the greater is the 
difficulty experienced by the force in travei'sing it. The resist- 
ance of each metal, like that of each liquid, is specific. CoppCT 
and silver, for instance, when wires of equal thjcKness and length 
are compared, offer far less resistance to a given amount of force 
than less perfect conductors, such as iron and lead. Experiment 
has demonstrated that with metallic conductors the saiae law 
holds ffood as with liquids — viz., that the conducting power is 
inversely as the length of the wire, and directly as the area of its 
section. In cylindrical wires this sectional area will of course 
vary as the square of the diameter of the wire ; for instance, a 
wire yV of an inch in thickness will for equal lenirths offer four 
times the resistance of a wire ^-g or } of an inch thick. If wires 
of the same metal, and of equal lengths, be compared, the resist- 
ance will vary inversely as the weignts of the wires. 

In the experiment with sulphate of copper (lig. 206), the 
metal is deposited in ^eatest quantitj^ where the force is most 
readily transmitted — ^viz., in those pomts which are nearest to 
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the zinc, and where the resistance offered by the Hqnid, which 
here forms the thinnest layer, is consequently the least. 

A rod of zinc supported within a cylinder of copper forms a 
convenient arrangement of the generating and conducting plates, 
because, when such a rod is placed in the axis of the cylinder, the 
force is evenly distributed over the whole surface of the copper. 

(269) Diferenoe hetwem a Simple and a Compound Oircuit. — 
The observations hitherto made have referred to cases in whidi 
only a single pair of metals is employed. It will be necessary 
now to consider in what way the results are modified by the em- 
ployment of several pairs of plates. It has already been stated, 
when speaking of the electricity developed by friction, that when 
a large supply of electricity is needed, it may be obtained with 
equal effect either froib a single Leyden jar which exposes a lar^e 
extent of coated surface, or from a number of smaller I'ars whicn 
together expose the same amount of coated surface, all the inner 
Bujrfaces of the small jars being in metallic communication with 
each other, but insulated from the outer coatings, all of which 
likewise are connected by some good conducting material (235). 
A similar result is also obtained in voltaic arrangements. Pro- 
vided that the plates expose the same extent of surface and be 
kept at an equal distance apart, it matters not whether they be 
immersed in a single vessel of liquid, or whether they be cut up 
into strips and be immersed in pairs in separate vessels of the 
same liquid. The only requisite is that all the zinc plates shall 
be connected together by stout metallic wires, and that all the 
platinum plates shall be similarly connected by other wires. No 
action will occur until metallic communication between one of 
the platinum and one of the zinc plates is effected by means of a 
conducting wire ; and then the whole force of the united plates 
will traverse the connecting wire. 

These results may be exhibited to the eye in a form of battery 
in which the hydrogen evolved from each platinum plate admits 
of being collected — a contrivance proposed by Daniell, which he 
called a dissected haUery. Fig. 214 snows the manner of mount- 
ing one of these cells. When in use 
the cells are charged with diluted 
sulphuric acid, and a small graduated 
]ar, H, also filled with the diluted 
acid, is inverted in each of the cells 
over the platinum plate, P, in such a 
manner as to receive the hydrogen 
which is disengaged during the oper- 
ation. The plates of such a batteir 
can easily be connected so that all 
the plates of zinc, z, shall be united 
by conducting wires, and all the pla- 
tinum plates in a similar way by 
other wires ; or they can with equal 
readiness be united so that the zinc 
of one cell shall be connected with 
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the platmum of the following cell. Suppose, for instance, two 
plates (z and p, fig. 215), one of zinc, the other of platinum, each 
six inches square, be immersed in a vessel of sulphuric acid, at a 
distance of an inch apart. 

A current of a certain Fio. 216. 

amount of power will be 
obtained on connecting p 
the two plates b^ means ol ^ 
a wire, w ; and m five min- 
utes a certain quantity of 
zinc will be dissolved, 
whilst a corresponding quantity of hydrogen gas will escape 
from the platinum. Now if the zinc and the platinum be each 
cut into strips of an inch broad and six inches long, and the sev- 
eral pairs of zinc and platinum strips be immersed in separate 
vessels of diluted suphuric acid at the distance of one inch from 
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each otiier, and if, as in lig. 216, all the zinc strips z, z, be con- 
nected by wires, and all the platinum strips, p, p, be similarly 
united, — on connecting them together by a wire, as shown at w, 
the same amount of power will traverse the wire as in the first 
combination, and the quantity of zinc dissolved in the six plates 
talj:en together will in five minutes be the same as that which 
was dissolved from the single zinc surface in the first arrange- 
ment ; whilst the (]^uantity of hydrogen gas which will rise from 
all the six plates ot platinum together will be ecjual to that ob- 
tained from the single plate in the former experiment (fig. 216^. 
Such a combination, in whichever of the forms just described it 
be employed, may be regarded as a single pair of plates, and it 
constitutes a simple voltaic circuit. 

By acting upon extensive surfaces arranged in simple circuits, 
the quantity of electricity which can be thrown into circulation 
is very large, though its vntemity^ that is to say, its power of 
overcoming resistances, is comparatively small. 

The results would, however, be altered if, instead of connecting 
the divided plates together in the manner represented in fig. 216, 
they were connected ^.s in fig. 217, in which the zinc in each cell is 
supposed to be connected with the platinum plate of the adjacent 
cell, in regular order through the series, at When the extreme plates 
are connected by a thick wire, w, the amount of force which tra- 
verses this wire in a given time is 'equal to one-sixth only of the 
force which was thrown into circulation in the former instances ; 
but the quantity of zinc dissolved in the six cells taken together 
is the same as before : and if the hydrogen be collected from the 
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six platimim plates, the quantity will, still be equal to that dis- 
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engaged in the experiments shown in figs. 215 and 216. The 
current has now to traverse each cell of tne liquid in succession, 
and thus has to encounter a great additional resistance. Yet 
now the power starts from six separate points of origin, and each 
of these separate points adds its energy or impulse in driving 
forward the current. The electro-motive force is increased six- 
fold, whilst the resistance of the liquid is increased still more ; in 
the first place it is increased sixfola, from the circumstance that 
the length of the column of liquid which must be traversed, is six 
times as great, and it is next rarther increased sixfold by a pro- 
portionate diminution in the breadth of the column. In the ar- 
rangement of fig. 215 there was a column of liquid six inches 
wide and one inch thick to be traversed ; whilst in the ar- 
rangement of fig. 217 there is a liquid column six inches thick 
and only one inch wide to be traversed. When the plates are 
arranged in separate compartments, and are connected together 
alternately, as in fig. 217, they constitute a corrvpound volimc cir- 
cuit, Volta's pile ^fig. 202) and his crown of cups (fig. 203) are 
therefore compound circuits, and it is this form of combination 
which enabled him to obtain results so much superior to those of 
any previous experimenter. The electricity in this case is not 
greater in quantity than that obtainable from a simple circuit ; 
nay, it is often much less ; but it has a much higher intensity, 
and its power of overcoming resistances is very much greater, ad 
a further examination will show. If, for example, 50 or 100 
miles of wire, such as is used for telegraphic purposes, be intro- 
duced in a combination arranged, as in fig. 216, as a simple cir- 
cuit, the eflfect obtained would be very materially less than if the 
same plates were arranged in the form of a compound circuit, as 
shown in fig. 217. 

(270) Ohm^s Theory, — ^These considerations may be much 
simplified, by representing the mutual action of the electro-mo- 
tive forces and the resistances of any circuit, simple or compound, 
in the form of a fraction, in the way proposed by Ohm. 

It has been found by experiment that the power of any com- 
bination is directly proportioned to the electro-motive force, or 
chemical energy between the active metal and one of the elements 
of the liquid upon which it acts ; and inversely proportioned to 
the resistances to be overcome. The numerator of the fraction 
will therefore be represented by the electro-motive force, and 
the denominator hy Hi-r ; where H represents the resistance in 
the cell or the battery, (due chiefly to tne attraction between the 
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elements of the liquid for each other), and t all resistancefi Exte- 
rior to the: cell or the battery, such as the connecting wire : thug 
the expression ^= J., would represent the eflfect of any com- 
bination where A indicates the amount of force actually in circu- 
lation, whether measured by its heating or by its ma^etic effects. 
If the connecting wire be very thick, so as to offer little or no re- 
sistance to the current, t becomes evanescent, and the fraction as- 
sumes the form of f ; the force of the current under these cir- 
cimistances is proportional to the surface of the plates exposed to 
the action of tne liquid. 

Let it be assumed, for example, that £==1, and that -ff=l, 
when a pair of zinc and platinum plates an inch broad and six 
inches long is immersed in diluted acid at the distance of one 
inch asunder ; so that under these circumstances, 
pair of plates six inches broad and six inches long, also at a dis- 
tance 01 one inch apart, be immersed in the same acid, since the 
resistance is inversely as the surface of the plates immersed, the 

fraction becomes ~R_ orT=g; or the power is increased sixfold, 

6 6 

as compared with the former. If the plates be each cut into six 
similar strips, and be then arranged in pairs, as represented in 
fiff, 216, the same fraction still represents the result, since the 
relative size and distance of the plates remain unchanged : but if 
the plates be arranged in succession, so as to produce a compound 
circuit, as in fig. 217, the fraction becomes =1 ; the electro- 
motive force is increased sixfold, but the resistance is increased 
also in exactly the same proportion. The force which under 
these circumstances circulates tnrough the connecting wire is not 
greater than if a single cell only, containing a pair of plates one 
inch broad and six inches long, were employed. 

* ^ But suppose now that several miles of wire, such as are em- 
ployed in telegraphic communication, be introduced into the two 
combinations severallv represented in figs. 216 and 217 ; rnow ac- 
quires importance ; — let the resistance be twentyfold greater thian 
mat of the liquid in each cell. In the first case (with the simple 

E 1 

circuit), the fraction becomes^ =1^2^=0*04:9 ; in the second 

6 6 

(the compound circuit), the fraction is fl^f;;= y^o^^*-^^ ' 
that although in both cases the resistance introduced most mate- 
rially diminishes the amount of force which enters into circal»' 
tion, the power in the compound circuit is now five times as gre»* 
as that which emanates under these circumstances from the sii*^' 
pie circuit. Indeed, in all cases where great resistances extern »^ 
to the battery have to be overcome, a compound battery has * 
great advantage over the simple circuit.* 

* Let n = the number of plates in a compound circuit. 
E •=. the electro-motive force. . 
„ D = the distance between the plates. 
„ /8f = the area of the plates. 
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(371) • Oh&ndoal DeoomposiMon. — It is important to remember 
that the force which circulates through each cell in a compound 
circuit is not increased by the arrangement, if the connexion be- 
tween its extremities be made by means of a good conductor ; if, 
for example, 50 similar and equal cells be connected in succes- 
sion, and be united by a stout short wire, the quantity of zinc 
which would be dissolved in a given time in eacn of these cells 
would not be greater than that which would be consumed in a 
single cell of the same size in the same time, if the plates which 
compose it were connected by a short thick wire. 

The power of a compound circuit is shown in a striking man- 
ner, when some liquid such as diluted sulphuric acid is interposed 
in the course of the conducting wire, i The experiments which 
elucidate this point may be instructively performed by means of 
the dissected battery. If a pair of platinum plates, a, J, %. 218, 

Fio. 218. 




be immersed in the acid conducting-liqnid at b, and connected 
with the wires proceeding from the compound circuit in the 
manner represented in the figure, the liquid will be decomposed, 
oxygen will be given off from one plate, a, and will rise in the 
tuoe o ; whilst hydrogen will be given off from the other plate, 
J, and may be collected in the tube, h : but if the same cells be 
atranged as a simple circuit, fig. 216, no such effect is produced. 
By the introduction of the liquid conductor at b, the resistance 
is very greatly increased, such a resistance being more consider- 
able than that of many miles of wire. But this is not all : be- 
sides this resistance, a new counteracting electro-motive force 
shows itself, which gives rise to a current operating in a direction 
the reverse of that in the battery. This force is due to the oxy- 
gen and hydrogen which are separated upon the platinum plates, 
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the battery) to which it is equivalent ; since R is directly as the distance between the 
plates, and inversely as their area, or surface, wlule ^- represents r. 
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and whiqh, as has been explained when speaking of the gas 
battery (264), is very considerable. Experiment shows that it is 
between two and three times as powerful as the electro-motive 
force of a pair of zinc and platinum plates excited by diluted sul- 
phuric acid. When, therefore, the endeavour is made to decom- 

Eose the diluted acid by a single pair of zinc and platinum plates, 
owever large a surface they may present to the action of the 
exciting liquid, no visible action in the cell b ensues j a momen- 
tary decomposition, too small in amount to be perceived by the 
eye, produces a development of oxygen and hy<Ir^n upon the 
two platinum plates, a, 5, suflScient to oppose an enectual barrier 
to the transmission of the current. Even when two pairs of zinc 
and platinum plates are used, the energy of the current is insuf- 
ficient to effect any visible decomposition : with three pairs, a few 
bubbles of gas show themselves ; and with a more numerous 
series, the effects increase rapidly ; till at length a point is gained, 
beyond which no advantage is obtained by increasing the num- 
TSer or^ells in the battery. 

It \b particularly worthy of remark that in every vertical sec- 
tioa of any voltaic circuit at a given instant, the quantity of force 
which traverses it is uniform : consequently, the same quantity 
of hydrogen makes its appearance upon the plate h of the cell p, 
which contains the liquid for decomposition, as is disengaged and 
collected during the same interval from each plate in me Dattery 
itself. If each zinc plate of the battery be weighed before the 
experiment is begun and after it is concluded, it will be found 
that each plate has lost weight to an equal extent. The interpo- 
sition of the liquid at b, may occasion a great reduction in the 
amount of power which is thrown into circulation ; but at every 
transverse section of the battery, the power that does circulate is 
uniform in quantity ; and the measurement of the chemical ac- 
tion, whether it be estimated by the quantity of gas which is 
evolved at any one point, or by the quantity o^ zinc which is dis- 
solved, may be employed as a sure indication of the quantity of 
power in circulation : in other words, retardation of the current 
by the liquid conductor is necessarily attended with an equal 
retardation in the conducting wire, and in each cell of the bat- 
tery itself. V 

(272) The Voltameter. — The foregoing important law was 
discovered by Faraday. As one of its consequences he was 
enabled to employ a decomposing cell, such as is shown at b, fi^. • 
218, as a measure of the voltaic power of any circuit : such ^ 
instrument is called a Voltameter, >rYor each 32.7 grains of zinc 
dissolved in any one cell of the battery, 9 grains of water ar^ 
decomposed in the voltameter, and 46*6 cubic inches of hydro- 

fen or 1 grain, and 23*3 cubic inches of oxygen or 8 grains, at 
0° F. and 30 inches Bar., are evolved upon its plates ; at the 
same time 46*6 cubic inches of hydrogen are evolved from every ^ 
platinum plate in the cells of the battery. A more conveni^w 
form of voltameter is shown in fig. 219. It consists of an upright 
glass cell, to the neck of which a bent tube, c, for the conveyance 
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of tke disengaged gases, is fitted by grinding ; the vessel is filled 
with diluted sulphuric acid ; J, are the two platinum plateau 
each of which is con- 
nectedbyawirewhich ^" 
passes through the 
foot of the instrument, 
to a mercury cup, by 
means of which com- 
munication can be 
made with the wires 
which convey the cur- 
rent from the battery : 
oxygen and hydrogen 
are liberattjd by the 
action of the current 
upon the acidulated 
water, both gases then rise to the surface of tlie liquid, and are 
conveyed by the bent tube c, to the graduated jar, ^, which' 
stands in a small pneumatic trough. 

It is to be observed that the action of a simple zinc and -pla- 
tinum battery is not steady ; it gradually declines, and before the 
acid has become saturated with zinc, the current almost ceases. 
On breaking the contact of the conducting wire witli the two 
ends of the battery, and allowing it to remain disconnected for a 
few minutes, the action is partially restored ; but it again gra- 
dually declines after the circuit has been completed. These 
effects were traced by Daniell to the action of the current upon 
the sulphate of zinc, which is formed in each cell of the battery 
during the operation ), the zinc salt is decomposed in the manner 
shown in the subjoined diagram, in which ZnSO^ represents the 
sulphate of zinc, and Pt and Zn the platinum and zinc plates of 
the cell. The brackets placed above the symbols indicate the 
arrangement of the particles before the current passes ; those 
below show the change produced by the voltaic action : — 

Pt ZnSb,, Zn^O, Zn, 

'In this manner metallic zinc becomes reduced or deposited 
upon each platinum plate, and the power of the battery is arrested 
"^hen the two surfaces which are opposed become virtually zinc 
giixd zinc instead of platinum and zinc. This evil may be obviated 
. b^ int(Tposing a porous diay)hragm bei\"een the two plates, as in 
the batteries of I)aniell and of Grove (265, 266) ; in these cases 
• a sufficient communication between the zinc and the copper or 
- the platinum plates, is still kept up by means of liquid through 
the pores of the diaphragm, but the sulphate of zinc is prevented 
from mixing with the liquid which is in contact with the copper 
or the platinum, 

(273) Further Application of OhrrCB Theory, — All the pheno- 
mena of compound circuits admit of ready calculation by the 
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application of Ohm's principle ; for instance, if n represents the 
number of ^ plates, the expression for any compouna series, the 
cells of wliicn are similar in nature and equal in size, becomes 
jT^^^ '^ since in each cell not only is a new electro-motive 
force introduced, but at the same time a new resistance. Provided 
that tlie exterior resistance is such as would be offered by a me- 
tallic wire which may even be many miles in len^h, it is possible 
exactly to double the amount of force in circulation by doubling 
the number of cells, if at the same time the size of the plates be 

doubled ; for sni? ^=~-^—, But if, when the number of cells 

2 

is doubled and the surface of the plates also is doubled, a volta- 
meter be employed to measure the power in circulation, instead 
of introducing a wire as the exterior resistance, the force measured 
by the voltameter is not found to be doubled, as might naturally 
have been expected : this difference arises from the counter current 
which is produced in the voltameter itself, by the accumula- 
tion of the oxygen and hydrogen upon its plates. Call this 
counter current e, and the formula becomes 

The values both of (the counter current offered by the volta- 
meter,) and r, which, if short thick conducting wires be used, is 
virtually the resistance of the voltameter itself, may be veij 
simply eiJtimated in the way -proposed by Wheatstone. This 
metnod consists in comparing two experiments in which, flie 
resistance remaining the same, the electro-motive forces alone 
vary. Upon the supposition that the voltameter merely offers 
an increased resistance without introducing any counteracting 
electro-motive force, five singte cells should produce a resuK 
equal to half that obtained by the use of ten cells of double size ; 
but by experiment, the effects as measured by the voltameter are 
as 6 : 20. Comparing these effects with the arrangements which 
produce them, we obtain the following proportion, from which, 
by equating, the value of e is deduced in terms of JS: — 

"10:87 :: 20 : 6; therefore <g=2-857 

The resistance r of the voltameter may be calculated with equal 
ease ; for taking two similar batteries, each composed of ten cells, 
but in one of which the plates are exactly double the size of those 
in the other, the electro-motive forces will continue the same 
while the resistances alone will vary. Under these circumstances 
the experimental results, furnished by the voltameter in equal 

times, were as 12-5 : 20 ; and |^f^ : : : 12-5 : 20 ; there- 

fore /•= 3-333 H. By substituting, in the formula, the values for 
e and r thus obtained by experiment, the results for any given 
number of cells may be calculated ; and on comparing the values 
obtained by such a calculation with the numbers furnished by 
actual experiment, Daiiiell {Phil. Trans, 1842, p. 146) obtained 
the following results : — 
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Any alteration in the size of the plates of the voltameter neces- 
sarily alters the amount of resistance which it oflfers to the cur- 
rent, and the influence of this change in the voltameter is most 
perceptible when a battery consisting of a few plates which ex- 
pose a large surface is employed. 

The preceding considerations will render it evident that no 
general answer can be given to the question, ' What number of 
cells should a battery contain in order that it may produce the 
greatest eifect ? ' The electro-motive force, varies in amount 
with the kind of battery which is used ; the values for H and r 
will also vary with the varying circumstances of the experiment. 
It is found that every diflerent arrangement requires the employ- 
ment of a distinct number of cells in order to obtain from it the 
maximum eflfect with the least expenditure of zinc. This number 
will vary even with the same form of battery, according to the 
size of the battery plates, the length of wire in the circuit, and the 
nature of the liquid conductor in the decomposing cell. It may 
be stated, however, as a general principle, that the mosf advan- 
tageous efi^ect is obtained when the value of A, in the formula 
* j^'^ =:Aj most nearly approaches 0*5, -fi'and H each being =1 : 
in other words, the advantage is greatest when the exterior resis- 
tances, viz., those of the conducting wire and voltameter together 
— ^are equal to the sum of the resistances due to the battery itself; 
it mav merefore be concluded that when the exterior resistance 
is trifling, as usually occurs when the circuit is metallic and not 
of very great length, little or nothing is gained by employing a 
large number of cells ; two or three plates of large surmce being 
the best under such circumstances ; but that where a considerable 
chemical resistance is to be overcome, power is gained by em- 

Sloying a series numerous in proportion to the resistance so intro- 
uced. In no case, however, is it possible by the use of a series 
of plates of uniform dimensions, even if of unlimited numbei', to 
produce in anv transverse section, such .as an included voltame- 
ter, a chemical action greater in amount than that which would 
occur in a single cell oi the arrangement in which the circuit was 
completed by a stout metallic wire. 

(274) Wheatatane^s Hheostat and Resistcmce Coils. — Guided 
by the principles which have just been explained, Wheatstone 
contrived an apparatus termed the Rheostat^ by which measured 
amounts of resistance may be introduced into tne voltaic circuit : 
if the eficct which such added resistance has upon the amount of 
the current in circulation be measured, the different values of 
jff, and T in different arrangements, may be deduced by^ a simple 
calculation. The rheostat is represented in fig, 220 ; g( is a cylin- 
der of well baked wood, 1^ inch in diameter and 6 inches in 
26 
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length ; it turns easily upon a horizontal axis ; on this cylinder a 
spiral groove is cut, the thread of which contains 40 turns to the 



Fia. 220. 




inch. Tliis ^oove runs from one end of the cylinder to the 
other, and in it is coiled a brass wire jl^f inch in diarheter ; A is 
a brass cylinder, placed parallel to and equal to it in diameter; 
the thin wire upon g is connected at the end i with a brass ring, 
and at the other extremity is attached to the cylinder, A ; at i is 
a metallic spring, one end of which is connected with a binding- 
screw, and the other end of which rests against the brass ring, 
and effects the communication with one wire of the battery : m 
is a moveable key, by which the wire can be wound upon the 
brass cylinder, or by transferring the key to the axis of g^ it can 
be unwound from A, and returned to the wooden cylinder, g. In 
consequence of the non-conducting quality of dry wood, the coils 
of wire on the wooden cylinders are insulated from each other, 
so that the current traverses the whole length of the wire coiled 
«pon this cylinder, but the coils not being insulated from each 
other on the brass cylinder, the current immediately passes from 
the point of contact to the brass spring at A, which is in commu- 
nication with the other wire from the battery. A scale is placed 
between the two cylinders for the convenience of counting the 
number of coils unwound, and the fractions of a turn are read off 
upon a graduated circle, which is traversed by an index attached, 
as is shown in the figure, to the axis of the cylinder g. 

Wheatstone took as his standard of resistance, the resistance 
produced by a copper wire 1 foot of which weighs exactly 100 
grains.* It is sometimes necessary to be able to introduce an 
amount of resistance into a circuit much greater than can be 
effected by means of the rheostat. For this purpose the Hesist- 
ance CoilSj shown at d, fig. 220, are employed. These coils are 

* The question of a etanjlard of resistance is now engaging the attention of practical 
electricians ; the conducting power of copper varies so greatly, owing to the presenoe 
of slight impurities, that it is unfitted for the purpose (276). 
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composed of fine copper wire, ji-^ of an inch in diameter, care- 
fdllj insulated by covering them with silk ; two of the coils are 
60 feet in length, the others 100, 200, 400, and 800 feet long. 
The ends of each coil are attached to short thick wires, fixed to 
the upper faces of the cylinders, which serve to combine all the 
coils mto one continued length of 1600 feet of wire. Two wires 
proceed from the extremities of the coils, by which they are 
united to the circuit. On the upper face of each cylinder is a 
double brass spring, moveable round a centre, so that its ends 
can be made to rest upon the thick brass wires, or can be removed 
from them at pleasure. When the spring rests upon tlie wires, 
the current passes through the spring instead of througli the coil ; 
but when the spring rests upon the wood, the current must pass 
through the coil. In the figure, all the springs are shown as 
resting upon the wires ; in this case none of the coils are included 
in the circuit, but by turning the spring of any particular coil, 
50, 100, 200, or 400 yards ol wire can, m a moment, be intro- 
duced into the circuit. 

The following is Wheatstone's description of his method of 
ascertaining the sum of the electro-motive forces in any voltaic 
circuit or circuits : — 

' In two circuits producing equal electro-motive (or voltaicj 
effects, the sum of the electro-motive forces divided by the sum oi 
the resistances is a constant quantity ; i. e,, • if ^ H 

be proportionately increased or diminished, A will obviously remain 
unchanged. Knowing, therefore, the proportion of resistances in 
two circuits producing the same efi'ect, we are able immediately 
to infer that of the electro-motive forces. But, as it is difficult in 
manj cases to determine the total resistance, consisting of the 
partial resistances of the rheomotor [or voltaic combination] itself, 
the galvanometer, the rheostat, &c., I have recourse to the fol- 
lowing simple process : — Increasing the resistance of the filrst 
circuit by a known quantity, r, the expression becomes In 
order that the efi^pct in the second circuit shall be rendered equal 
to this, it is e\ddent that the added resistance must be multiplied 
by the same factor as that by which the electro-motive forces and 
the original resistances are multiplied ; for -^:;^= nlt+nr ' ^® 
relations of the length of the added resistances and n /*, which 
are known immediately, give therefore those of the electro-motive 
forces.'— (PAi7. Trans., 1843, p. 313.) 

Suppose, for example, it be desired to compare the electro- 
motive force obtained from a single pair of zinc and copper plates 
in one of Daniell's cells, with that of two pairs of the same com- 
bination, the following will be the mode of conducting the experi- 
ment : — Interpose the rheostat (fig. 220) and the galvanometer, b, 
in. the circuit obtained from the single cell, c ; then, by coiling 
or uncoiling the wire of the rheostat, bring the needle exactly to 
45**. Next uncoil the wire of the rheostat, and count the number 
of turns required to bring the needle to 40°. Suppose 35 turns 
are requirea : this number of turns may be taken to represent 
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the electro-motive force of the Combination. Now introduce the 
two cells, arranged as a compound circuit, instead of the single 
cell at 0. Bring the needle as before to 45°, interposing one or 
more of the resistance coils at d, if needed, by turnmg the spring 
upon the wood of the reels, and complete the adjustment by 
coiling or uncoiling the wire of the rheostat. Again uncoil the 
wire of the rheostat until the galvanometer needle stands at 40°, 
Seventy turns, or twice the number previously required to pro* 
duce this effect, will now be needed. The electro-motive forces 
in the two cases are therefore as 35 to 70, or as 1 : 2. If instead 
of arranging the two cells as a compound circuit the zinc plate 
be connected with the other zinc plate and the copper with the 
copper, so as to form a single circuit, it would have required the 
interposition of a greater resistance to reduce the needle to 45° 
to start with than when one cell only was used ; but onlv 35 
turns of the rheostat would be needed to bring the needle down 
to 40°. This last experiment shows that the electro-motive force 
is not altered by increasing or diminishing the size of the plates. 

The electro-motive power of any combination may by means 
of this arrangement be compared with any one selected as a stan- 
dard : it was in this way that the results on the comparison of 
the electro-motive effectis of platinum, zinc, and potassium (260) 
were obtained. 

Processes of Voltaio Discharge. 

(275) Having now reviewed the principal circumstances which 
influence or exalt the activity of the voltaic battery, we mav pro- 
ceed to examine the phenomena which are manifested when a 
powerful combination is brought into action by connecting its 
opposite extremities. Voltaic action is exhibited only during the 

Sroeess of discharge, for the current is a continuous succession of 
ischarges of the electricity developed and maintained by the 
contact and chemical action of the materials employed in the 
construction of the battery. The discharge of the voltaic battery 
may, like that of the ordinary machine, be considered under three 
heads — viz., the discharge by conduction^ as when the circuit is 
completed by a wire or other good solid conductor ; the discharge 
by disruption^ in which case a luminous appearance is exhibited 
through a short interval of non-conducting matter ; and the dis- 
charge by convection^ which takes place in liquids, and is accom- 
panied by chemical action and transference of the particles of the 
conductor. 

(276) Conduction. — ^In all cases where electricity is in motion, 
whether it be excited by chemical action, as in the voltaic pile, 
or by friction, as in the common electrical machine, the force is 
conveyed by the entire thickness of the conductor ; the charge is 
not confined to the surface, as occurs when the power is station- 
ary and produces effects by induction only. In the case of tha 
voltaic .current as weU as in the momentary discharge of the Ley- 
den battery, by far the greater portion of the induction occurs 
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between one transverse section of the conductor and the adjacent 
sections immediately before and behind it ; and but a small pro- 
portion of the induction, sufficient however to be distinctly mani- 
fest, is diverted to surrounding objects. Bv reducing the thick- 
ness or diameter of the conducting material, a large quantity of 
the force is compelled to traverse a given number of conducting 
particles in the same time, and a great elevation of temperature 
IB thus produced. The heat may rise sufficiently high to cause 
Ignition of the wire, and this ignition may be produced at any 
point of the circuit, so as tx) produce the explosion of a charge of 
gunpowder sunk in the depths of the ocean, or buried within the 
recesses of a mine ; the operations of blasting may thus be made 
to assume a degree of certainty and of safety hitherto unattained 
by other means, since the moment at which the discharge shall 
take place is absolutely under control. 

Elevation of temperature diminishes the conducting power of 
the metals va good experimental proof of this fact is afforded b^^ 
transmitting through a platinum wire, a voltaic current of sufh- 
cient power to raise the wire to a dull red heat ; and whilst the 
cnri'ent is still passing, igniting a loop of the wire in the flame of 
a spirit-lamp ; the temperature of tne other part immediate!}' 
falls, owing to the dimmished amount of electricity which tra- 
verses it, in consequence of the increased resistance offered to the 

f>assage of the current by the strongly ignited part of the wire, 
f a loop of the wire be cooled by immersion in water, the oppo- 
, site effect is produced ; for in this case the reduction of tempera- 
ture at one point enables a larger quantity of electricity to pass 
through the wire, which may thus be raised to a heat approach- 
ing its point of fusion. The power of a voltaic combination may 
be roughly estimated by the number of inches of platinum wire 
of uniform diameter, which it will heat to redness : the same 
quantity of electricity is transmitted in equal intervals of time 
through wire of the same temperature, whether it be an inch only 
or several feet in length ; but the increased len^h which the 
stronger current will ignite measures the increase m tension and 
intensity of the electric discharge. 

The conducting power of the different metals for electricity 
varies nearly in me same order as their power of conducting 
heat ; but it is remarkable that charcoal, though so bad a con- 
ductor of heat, transmits electricity with great facility. fTRc 
measurement of the conducting power of solids and of liquids for 
electricity has occupied the attention of many distinguished philo- 
sophers. An ingenious method was proposed many years ago by 
Becquerel, who constructed a differential galvanometer^ in which 
the needles were surrounded by two insulated copper wires of 
equal length and diameter ; they were coiled in tne usual way, 
and formed two independent circuits, so that the galvanometer 
had four terminations instead of two. When two perfectly equal 
cuiTcnts were transmitted, one through each wire in opposite di- 
rections, they exactly neutralized each other in their eflPect upon 
the needle, which therefore remained stationary ; but if either 
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current preponderated, a corresponding deviation of the needle 
was occasioned. To use the instrument, a small voltaic combuia- 
tion was connected with the galvanometer, two wires passing 
from each pole, so as to divide the current into two exactly equiu 
portions, one being transmitted through one of the coils, the other 
through the second coil in the opposite direction. Wires of the 
dilFerent metals were then introduced into the two circuits. If 
into either circuit a conductor of inferior power were introduced, 
the current in that circuit was proportionately diminished, and 
the needle was disturbed ; but the equilibrium could be restored 
by increasing the length of the wire in the other circuit ; then by 
comparing uie lengths of the two wires thus introduced, their 
relative conducting power could be inferred. By means of this 
instrument, conjoined with the use of Wheatstone's rheostat, Ed. 
Becquerel was enabled to measure the conducting power of a 
number of wires of different metals, with precision {Ann. de 
Chimie^ III. xvii. 266). The relative conducting powers of the 
wires were obtained by ascertaining the lengths of the rheostat 
wire, which was required to restore the equilibrium, when wires 
of different metals were employed. In fig. 221 is exhibited the 

Fio. 221. 




- arrangement adopted in these experiments, g is the differential 
galvanometer with its four wires, 1 and 3 being the terminations 
of one coil, 2 and 4 those of the other coil ; h, a voltaic pair ; b, 
the rheostat ; and the metallic wire, the resistance of which is 
to be measured. This wire is stretched and insulated between 
two binding clamps, a and b ; s s, is a copper scale with linear 
subdivisions for measuring the length of the wire which is included 

. in the circuit ; d is a sliding clamp of copper, which can be made 
to move in either direction along the scale s, and can be con- 
nected with at any desired point, by the clamp at d. Suppose 
the resistance of a certain length of w is to be measured. The 
current from h is divided into two portions so as to send each in 
opposite directions through the galvanometer. One half of the bat- 
tery current is made to pass ^ong the wire/ ff, up the clamp 
D, and through part of the wire, w ; the other half is transmitted 
through the rheostat, in the direction shown bv the arrows. By 
coiling or uncoiling the wire of the rheostat, the two circuits are 
rendered exactly equal, so that the needle of the galvanometer 
sliall stand at 0°. Kow, if d be undamped, and it oe caused to 
slide through a definite distance, say twelve inches towards b, the 
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eqiiilibrinm of the galvanometer will be destroyed ; since tho 
resistance in w is increased, whilst that in the rheostat remains 
unaltered ; but by uncoiling the wire of the rheostat, additional 
resistance can be introduceainto the circuit of which it forms a 
part ; the equilibrium may thus be again restored, and the resist- 
ance of twelve inches of w will be given by counting the number 
of coils of the rheostat required. The comparative resistance of 
any number of different wires introduced at w may thus be 
readily ascertained. - 

The following table exhibits the conducting power of wires 
of equal length and diameter of various metals as determined by 
this process. The mercury was placed in a glass tube of uniform 
diameter. 



Electric Conduclnmty of Metals. (jE Becquerd.) 



Hetals employed. 


At 82- F. 


At 212" F. 


At 212- F. 


Loss per cent, 
each metal 
beiog 100 at 
82'. 


Silver at 82* 
= 100. 


Silver at 82' 
F. = 100. 


Silver at 212 
= 100. 




100 


71-316 


100 


28-7 




91-517 


64-919 


91-030 


29-1 




64-960 


48-489 


67-992 


25-4 




24-679 


17-606 


24-647 


28-8 




24-068 


17-696 


24-673 


26-9 




14-014 


8-657 


12-139 


38-8 




12-360 


8-387 


11-760 


82-2 




8-277 


5-761 


8-078 


30-7 




7-988 


6-688 


9-378 


15-7 




1-738 


1-576 


2-208 


9-4 



These metals were carefully purified and well annealed. It 
was found that annealed metals conducted better than those 
which had not undergone this process. The effect even of a 
moderate elevation of temperature in reducing the conducting 
power is very considerable, as will be evident by comparing the 
second column of figures in the table with the first. 

Matthiessen {Phil. Trans., 1858, p. 383, 1862, p. 1; and 
Proceed. Boy. Soe. xii. 472) gives the following as the conducting 
powers of wires of different metals of equal diameter. He consid- 
ers the metals in the first table to have been chemically pure. 
The wires of the oxidizable metals were obtained by forcAng them 
through an opening in a steel plate, by strong pressure, the wire 
as it was formed being received into a vessel filled with naphtha. 
The conducting power was determined by the process described 
by Matthiessen in the Philosophical Ma^azvne for February, 
1857. It is a modification of one of the methods devised by 
Wheatstone, in which an ordinary galvanometer is employed 
{PhU. Trans. 1843, p. 323). 
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ElectHo Ccynd/ucUvUy of MeidU, {MaUhiessefh). 



Metal (pQTe> 


CondactlTity. 


GondoctiTitf at Sl'i*. 


SUverat82* = 100. 


DuTdr at 
818* = 100. 


Each metal compared 
witliit8elfat88*=I00. 




At 89* 


At 218* 






Loss prd 




100-00 


71-66 


100-00 


71-66 


28-44 




99*96 


70-27 


98-20 


70-81 


29-69 




7'7-96 


66-90 


78-11 


71-70 


28-80 




29-02 


20-67 


28-89 


71-28 


28-77 




28-72 


16-77 


28-44 


70-70 


29-80 




17-22 












16-81 












13-11 












12-36 


8-67 


12-12 


70-11 


29-89 




9-16 






68-68 


81-42 




8-32 


6-86 


8-18 


70-89 


29-61 




4-76 


3-88 


4-66 


69-88 


8012 




4-62 


8-26 


4-66 


70-64 


29-46 




1-245 


0-878 


1-227 


70-61 


29-49 



Matthiessen and Von Bose conclude from these experiments 
that the law of decrease of electric conductivity is the same for 
all metals, and it will be at once apparent that the relative con- 
ducting powers of the metals continue to be the same with trifling 
variation, whether they be compared at 32° or at 212°, as will be 
evident by comparing the first and third columns of figures with 
each other. The numbers given for iron, cobalt, and nickel are 
calculated from experiments upon specimens of these metals, 
known to be slightly impure. In the table which follows, the 
metals were commercially pure, but the conductivity, when not 
absolutely accurate, is probably below the tnith, as the addition 
of a second metal always diminishes the conductivity. 



Metal. 



Gondaoting 
Power. 



Temp. 
•F. 



MetaL 



Gondncting 
Power. 



Temp. 
•F. 



Silver 

Copper....... 

Sodium 

Aluminum 
Magnesium. 
Calcium .... 
Potassium .. 

TiithiiiTTi 



100-00 
77-43 
87-43 
83-76 
25-47 
22-14 
20-86 
19-00 



32-0 

66- 8 
71-0 

67- 2 
62-6 
62-2 

68- 7 
68-0 



Iron 

Palladium 

Platinum 

Strontium 

Mercury 

Tellurium 

Bed Phosphorus... 



14-44 
12-64 
10-68 
6-71 
1-63 
•00077 
•00000128 



68-7 

68- 

69- 2 
68-9 
780 
67-8 
76-2 



Matthiessen finds that scrupulous attention to the purity of 
the metal is essential. The presence of 2*5 per cent, of phos- 
phorus in copper reduced the conducting power of a specimen 
of the pure metal from 100 to 7*52. A mere trace of arsenic in 
the copper reduced it from 100 to 60, and the presence of a little 
sub-oxide in the metal had a very marked effect in reducing the 
conducting power. Indeed, there are few metals more easily 
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affected in conducting power by sliglit traces of impurity than 
copper, so that very great differences in conducting power are 
observed in wires drawn from different samples of what would be 
_ i:fi^arded as good commercial copper. 

The conducting power of an alloy is ^eneralljr below that of 
the mean of its component metals. ^This is seen in the alloy of 
antimony and tin ; but the alloys of tin and lead, tin and zinc, 
zinc and cadmium give a conductivity almost exactly the mean 
of that of the component metals, allowing for the proportion of 
each that is present. A similar fact was observed by Calvert 
and Johnson (149) in the conducting power for heat of some of 
these very alloys. 



AU07. 


silver 

Calculated 
Condacdyity. 


= 100. 

Observed 
Gondactlvitf. 


Temp. • F. 




24-04 
11-lS 

10- 81 
9-09 
8-22 

11- 99 


28-78 
17-43 
10-66 
9-20 
8-26 
0-413 


69- 4 
71-6 

71- 6 

70- 6 

72- 7 
77-0 













Lenz found that all the metals continued to decrease in con- 
ductivity as the temperature rose to 400°, and Dr. Robinson 
proved that this diminution continued as they were raised pro- 
gressively to a red and even to a white heat. 

The non-metallic bodies appear to increase in conductivity as 
the temperature rises, for Matthiessen found that the conducting 
power of graphite and of coke was increased by heating them, the 
electric conductivity of gas coke rising about 12 per cent, between 
the ordinary atmospheric temperature and a 'light' red heat. 
Hittorf obtained an analogous result with selenium. : Comparing 
the conducting power at ordinary temperatures of different forms 
of carbon with that of silver at 32° as 100°, Matthiessen obtained 
the following values : — 

F. 

Pure Ceylon graphite .... 0-0693 at 71°6 

Gas coke 0-0386 at 77° 

Bunsen's battery coke 0-0246 at 79-2 

(277) If equal amounts of electricity, whether obtained from 
the voltaic battery or from the electrical machine, be made to 
traverse wires of different metals of equal length and diameter in 
the same interval of time, the rise of temperature in the wire is 
inversely proportioned to its conducting power, andt^jgjrefore^ t 
better the conductor the less heat does it emit. fThe general 
truth of the fact may in the case of voltaic electricity be rudely 
but strikingly demonstrated by taking a wire of silver and one 
of platinum, each of exactly the same diameter forming 
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tliem into a compound wire consisting of alternate links of the 
two metals. A current of electricity may be transmitted through 
this compound wire, of such a strength as to heat the platinum 
to visible redness, whilst the silver links wiQ exhibit no such in- 
tense heat, thougli each link of the wire^ from the form of the ex- 
periment, must transmit e^ual quantities of the force in equal 
times. It has been ascertamed tliat the heat developed at auy 
])art of the circuit is proportional to the square of the force of the 
current multiplied into the resistance at that particular point. 
For the same wire the rise of temperature is proportioned to the 
square of the quantity of electricity, and this is true also for 
liquid conductors. 

Andrews {Proceed, Roy. Irish Acad.^ June, 1840), found that 
when a fine platinum wire was traversed by a current from one 
of Daniell's constant batteries, the ignition of the wire varied in 
intensity by varying the gas with which he surrounded the wire. 
This wire was enclosed in a glass tube, which could be filled at 
pleasure with the different gases in succession. It was found that 
gaseous sulphurous anhydride and hydrochloric acid had a smaller 
cooling power than atmospheric air. Nitrogen, carbonic oxide, 
cyanogen, carbonic acid, nitric oxide, nitrous oxide, oxygen, and 
aqueous vapour, had nearly the same effect as atmospheric air. 
Oletiant gas, ammonia, the vapour of alcohol and of ether had a 
greater cooling power; and hydrogen, a far greater cooling 
power than any of the others. The same subject has also been 
investigated by Grove, {Phil, Trans., 1849.) 

The following experiment illustrates the cooling effect of hy- 
drogen ver^ clearly. Take three pieces of stout copper wire, 
bend them into the form shown at w w w, fig. 222, and attach them 
to a weighted board, by which the 
lower part of the bends can be pio. 222. 

sunk beneath the surface of water 
contained in a shallow vessel. 
At a and J, where the wires pro- 
ject above the surface of the 
water, complete the connexion 
by means of spirals of fine plati- 
num wire, both spirals being 
equal in length, and each cut 
from the same wire. Each spiral will thus oppose an equal 
resistance to the passage of the current. When a voltaic current 
of a certain intensity is transmitted through the wire, www, each 
spiral, consequently, becomes heated to the same degree of visi- 
ble ignition. But if two similar jars, one a, filled with air, the 
other, H, filled with hydrogen, be inverted over them, the wire in 
the jar h immediately ceases to be luminous, while that in a be- 
comes more intensely ignited. This superior cooling action of 
the hydrogen is no doubt mainly due to the superior mobility of 
the particles of the gas over those of air. (152, 160.) 

The experiment was varied by enclosing the wires a and h in 
separate glass tubes, and sealing them up, one in an atmosphere 
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of air, the other in an atmosphere of hydrogen. Both were then 
included in the same circuit, so that they snould transmit equal 
amounts of electricity. Before transmitting the current, how- 
ever, each tube was immersed in a separate vessel which con- 
tained a weighed quantity of water, the temperature of which was 
accurately observed. After the current had been allowed to pai>s 
for a certain time, the temperature of the water which surround- 
ed each wire was again observed, and it was found that the water 
which was around the tube which contained air was considerably 
hotter than that which surrounded the tube filled with hydrogen. 

This result, paradoxical as it appears, and as it seems to have 
breen regarded by Grove, must necessarily follow from the opera- 
ation of two principles which have already been explained ; the 
first of these is, that the resistance oflfered by a metal to the pas- 
sage of electricity is diminished by reducing the temperature ; and 
the second is, that the heat evolved by a current in passing 
through a conductor is inversely as the resistance which it ex- 

Eeriences. Now, in this experiment, the primary effect of the 
ydrogen is the cooling of the conducting wire ; and the conse- 
quence is that this cooled wire, in transmitting the same current 
as a similar wire in air, offers less resistance, and less heat is 
therefore evolved by the wire surrounded by the hydrogen than 
by the wire which is surrounded bv air. ^ 

(278) Electric CondAictimty oj Liquids. — Liquids are very 
inferior to solids in conducting power; indeed, the difference 
between the two classes of bodies is so extreme that it is diflBcult 
to institute an accurate comparison between them. ''Th"e attempt, , 
however, has been made by Pouillet : assuming as the unit of 
comparison the conducting power of a solution of sulphate of 
copper saturated at 59°, he gives the following as the relative 
conducting power of the undermentioned solutions : — 

Saturated solution of sulphate of copper ... 1 

Ditto, diluted with an equal bulk of water . • 0*64 

Ditto, diluted with twice its bulk of water . . O-^l 

Ditto, diluted with four times its bulk . . . 0*31 

Distilled water 0-0025 

Ditto, with T^^TZ nitric acid 0*015 

Platinum wire 2,500,000*00 

The conducting power of a platinum wire, of a diameter and 
length equal to that of the interposed columns of liquid is proba- 
bly estimated too high. 

Since these results of Pouillet's were published, the subject of 
the conducting power of liquids has been resumed by E. Becque- 
rel, in the paper already cited. He states that saline solutions 
may be divided into two classes ; in the first, the conducting 
power increases progressively in proportion to the strength of the 
solution, until it becomes saturated; sulphate of copper and 
chloride of sodium affording instances of this kind : whilst in the 
second class, of which nitrate of copper and sulphate of zinc may 
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« be taken as examples, the conducting power increases with the 
degree of concentration np to a certain point, beyond which it 
diminishes as the solution becomes more nearly saturated. The 
salts which exhibit this peculiarity are either deliquescent or ex- 
tremely soluble. The following table contains a few of Becqne- 
rel's results. The saline liquids are to be considered as saturated 
unless otherwise specified : — 



Electrie Condiictimty of lAqmds. 



Bnbstanoes used. 



Density. 



Temp. • P. 



Condnctlng power. 



Pure Silver . 



100,000,000-00 



Solution of Sulphate of Copper. 

do. half the strength 

do. one fourth the strength... 
I Solution of Chloride of Sodium 

do. half the strength 

do. one fourth the strength... 
Solution of Nitrate of Copper 

do. half the strength 

do. one fourth the strength... 
Solution of Sulphate of Zinc 

do. half the strength 

do. one fourth the strength... 

Oil of Vitriol 1 measure 

Distilled Water 11 measures 

Nitric Acid (Commercial) 

Platinum 



1-6008 
1-4410 

1-81 



60 



66 



66 



68 



66 

66 
32 



It is not surprising that differences so considerable should be 
observed between the conducting powers of liquids and those of 
solids ; for the processes of conduction in the two cases are essen- 
tially different. In liquids chemical decomposition and free 
movement of the component particles are indispensable, whilst 
nothing of the kind takes place in solids. The enects of heat are 
even inverted in the two cases ; for experiment shows that as the 
temperature rises, the conducting power of the liquid increases 
rapidly ; according to Becquerel, the conducting power of many 
solutions at 212°F. is three or four time^ as great as that of the 
same solution at 32°. These phenomena, therefore, are the re- 
verse of those presented by most solids. Exceptions, however, 
occur : Faraday has shown that sulphide of silver, when cold, is 
an insulator, but by warming it gently it begins to conduct, and 
when hot it affords a spark like a metal ; at a point a little below 
redness it conducts sufficiently to maintain its conducting power 
by the heat of the current which it transmits. Sulphide and 
fluoride of lead, as well as iodide of mercury, also exhibit the 
same peculiarity. Glass, when cold, is an excellent insulator of 
the electricity developed by friction, but when heated it conducts, 
and when red hot it possesses scarcely any insulating power ; the 
same thing is also true of the tourmaline. Most of these cases 
have been traced to a partial chemical decomposition of the com- 
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found under the influence of softening by heat (Beetz, PhU, Mag.^ 
854, p. 191^. When liquefied by heat, these compounds all un* 
derffo chemical decomposition, and allow the current to pass 
fre^y. 

(279) EUctrio Conducting Power of Oases, — Gases are al- 
most perfect insulators of tne voltaic current; although some 
feeble indications of conducting power have been discovered by 
Andrews, as well as by Hankel, by E. Becquerel, and by Buff, 
in a highly rarefied atmosphere, between metallic surfaces strong- 
ly ignited and in close approximation ; and Magnus finds that 
small as is the conducting power of gases, they differ in degree 
in this respect, hydrogen surpassing other gases and vapours. 

Grove lias further shown, that m flame a current of electricTly 
is not only transmitted, but that there is evidence of its produc- 
tion within the flame, and he attributes its origin to chemical 
action. Becquerel regards it as a thermo-electric phenomenon 
{Ann. de GJmrde^ III. lii. 411). Becquerel's experiments, how- 
ever, are not conclusive ; and the feebleness of thermo-electric 
currents, coupled with the slight conductivity of flame, render 
such a view inadmissible. If two platinum wires be connected 
with the extremities of a galvanometer, the free ends of the plati- 
num being twisted into a small coil, and one of the platinum 
wires be inserted into the root of the blowpipe flame, whilst the 
other is introduced Just in front of the apex of the blue cone, a 
current will be indicated, passing from the root to the apex of 
the flame. By forming several jets of flame together into a com- 
pound circuit. Grove succeeded in decomposing a solution of 
iodide of potassium by means of the currents obtained firom flame. 
Under certain circumstances, however, which we now proceed to 
notice, highly heated gaseous matter appears to transmit voltaic 
power of nigh intensity, and the phenomena thus displayed are 
of a most brilliant and remarkable kind. 

(280) Disruptive Discharge — EleclHc Light. — When the cur 
rent is greater than the conductor is able to convey, the wire 
melts, and is dispersed in vapour ; disruptive discharge, in fact, 
occurs. From a powerful voltaic battery this disruptive dis- 
charge may be maintained continuously, owing to the enormous 
quantity of electricity in circulation. 

K the air be rarefied between the interrupted conductors, the 
interval through which the discharge can be effected may be con- 
siderably increased. Thus the heat developed by the passage of 
the current between two pieces of charcoal when tney are in 
contact, will enable them to be separated for a considerable dis- 
tance without interrupting the passage of the current ; this dis- 
tance ranges from f inch to 1 inch when a series of seventy of 
Daniell's cells twenty inches in height are employed. Davy, 
with the great battery of the Eoyal Institution, consisting of 
2000 pairs of plates on WoUaston's construction, obtained an arc 
of flame, between charcoal points, four inches in length, and of 
dazzling brilliancy. 

l)espretz, by using 600 cells of Bunsen's construction arranged 
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coufeecutively, succeeded when the points were placed in a verti 
cal line with the n^ative pole below, in obtaining an arc of 7*6 
inches in length. With 100 pairs the arc was only one inch long. 
The most intense light, however, is obtained when the points are 
separated but to a small distance, because the resistance then 
being less, a much larger quantity of electricity passes in a given 
time, and the temperature is proportionately hi gher, I Despretz 
found he obtained a much more intense light by employing his 
600 cells in six parallel series, so as to form 100 cells of six times 
the ordinary size, than when they were connected into one con- 
tinuous senes. / He estimated the light with the arrangement of 
600 in six parallel series to be nearly six times as great as when 
100 cells only were employed, — a result in conformity with the 
anticipations of theory. The same observer found that when the 
charcoal points were disposed in a horizontal direction at right 
angles to the magnetic meridian, the length of the arc when 200 
pairs of Bunsen in two parallel series were employed, was greater 
in the proportion of 20*8 to 16*5, when the positive pole was to 
tlie east, than when it was to the west. 

" During the production of this dazzling light a considerable 
mechanical transport of the materials composing the terminalfl of 
the pile takes place, and there can be no doubt that the ignition 
of the solid particles contributes mainly to the production of the 
intense light tlius procured. A cavity is always produced in the 
piece of charcoal attached to the positive wire which is contiected 
with the last platinum or copper plate of the battery ; and at the 
same time a mammillated deposit, which continually increases in 
length, is formed upon the charcoal on the negative wire in con- 
nexion with the zinc plate. Attempts have been made to apply 
this light to the purposes of illumination, and in particular cases, 
as for the display of optical phenomena in the class-room, it is 
often of high value. Its application is, however, attended with, 
great practical difficulties, of which the transfer of conductiDg 
material from one pole to the other is one of the most serious; 
and it is very doubtful if, even when the mechanical obstacles are 
removed, such a light can be economically or adv^tageously 
used for the general purposes of illumination. The light is too 
intense for the unprotected eye to endure for any lengtn of time 
in its immediate vicinity, and the expense is so great, that un- 
less the electricity can be obtained in the process of preparing 
some chemical compound in the battery itself which will defray 
the cost of production, its success as a mercantile speculation is 
very problematical.**^ 

This transfer of solid particles is not confined to cases in which 
a porous conductor like charcoal is used. The densest metals, 
such as platinum and iridium, are transferred from the positive 
towards the negative terminal, but the arc in these cases is not 

* The general appearance of the electric lamp of Duboscq is shown in fig. 228, in 
which T, T represent the charcoal points between which the voltaic arc is maintained. 
The object to be effected is to preserve these points at a imiform distance from each 
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60 long as when more friable materials are nsed. . When a posi- 
tive coke point was opposed to a negative elccti odo of platniura, 
the arc was not more than half the length of that obtamed by 

Dther, and at the same height m the lantern, so that the source of light shaU always be 
kept In the same position with respect to the lens. w*i.-« ;« 

The reeulator by which this result is attained is shown at r. Within this is cm 
aectro-m^et, and a clock-movement, the principal parts of which are represented 
ipon a ^r scale in fig. 224. The dock movement is designed to bring the two 
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points towards each other so as to compensate for the waste they experience in bumine, 
and the electro magnet is employed to check the clock action when no longer neea- 
ed. When the battery is in use the negative point is always consumed in air more 
slowly than the positive one ; and it becomes necessary to provide means for moving 
each point, at a rate proportioned to the rapidity of its consumption. This is effected 
by making the drums n and p of unequal dimensions ; the chains c and d are employed 
to transmit the movements of the clockwork to the points t, t'. The chain c attached 
to the upper or native point t', is coiled upon the smaller drum n, and passes up the 
tubular support #. This chain is wound in the opposite direction to that of the chain 
which after passing over the pulley d\ is attached to the tube containing the lower or 
positive charcoal point t. Both drums are placed upon a common axis, and therefore 
both are moved by the clock in the same direction, so that whilst the chain d attached 
to the lower point is being wound up, the chain e connected with tlie negative point is 
bdng unwound, though less rapidly than d, and the negative point is allowed to de* 
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making the coke negative and the platinum positive (De la Eive.) 
Grove found it to be true generally that in an oxidizing medium 
the brilliancy and length of the arc was greatest with the most 
oxidizable metals. I Van Breda states that portions of the nega- 
tive teimiual are always transferred towards the positive wire. 
Tliis was particularly evident when iron balls were made the 
terminals of the wires, although this transfer is much less in 
amount from the negative to the positive, than the simultaneous 
transfer from tlie positive to the negative wire.-4 The liffht that 
attends the voltaic arc does not necessarily proceed from the com- 
bustion of the conducting material, for it occurs in a vessel from 
which air is exhausted, with a brilliancy not much inferior to 
that exhibited by it in the air. It may even be produced be- 
tween two charcoal points which are immersed under water. In 
every case, however, the transference of some material particles 
is essential to the production of the luminous arc. % Gassiot found 
that even when a combination of 320 cells on Daniell's construc- 
tion was employed, no spark could be obtained between two pfci- 
tinum surfaces, connected one with one wire, the other with the 
opposite wire of the battery, in a high state of efficiency, although 
the two platinum surfaces were brought within -jTr^ ^ 
of each other. If, however, the transfer of some material parti- 
cles be effected between the two surfaces, either by a momentary 
contact, or even by the discharge of a Leyden jar across the in- 
terval, the current may be established ana the luminous arc main- 
tained with a small number of pairs of plates. 

The heat produced in the voltaic arc is of the most intense 
kind. Metals like platinum, iridium, and titanium, which resist 
the greatest heat that can be obtained by the direct chemical ac- 
tion attendant upon combustion in the furnace, readily melt and 
are transferred from the positive to the negative terminal by a 
voltaic current of high intensity. nThe fusion is easily accom- 
plished by excavating a circular piece of gas coke, about an inch 
in diameter and hall an inch thick, into the form of a crucible, 
which is attached by a stout copper bell-wire to the wire which is 
in connexion with the last platinum plate of the battery ; a piece 
of boxwood charcoal or of gas coke about the thickness of a cedar 

scend. The wires from the battery (about 40 pairs of Grove) are made fast to the 
binding-screws b, b\ the positive wire b being connected with one end of the coil a a of 
the electro-magnet m, while the other end of the coil is in electrical contact with the 
lower point t. The current is thus made to pass through the electro-magnet on its way 
to the charcoal points. When the electro-maguet is in full action it attracts the keeper 
k attached to the lower end of the bent lever working on the fulcrum f. The upper 
extremity of this lever, when the keeper is drawn home, locks into the ratchet wheel 
seen edgewise at r ; thus arresting the clock movement, and rendering the charcoal 
points stationary. As soon as the distance between the points becomes too great, the 
current through the electro-magnet becomes reduced in power, and lets go the keeper 
which is forced away from the magnet by the releasing spring q. By this means the 
clockwork is immediately set free, and the points are thus made to approach each other, 
until the current recovers sufficient force again to attract the keeper, which once more 
locks into the ratchet wheel r. When the battery is in good action, these alternate 
motions of the keeper and of the clockwork recur with frequency and regularity ; so 
that the points are maintained at a distance sufficiently uniform to prevent any sudden 
or material fluctuation in the amount of light. 
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pencil is attached to the wire connected with the zinc plate of 
the battery : the metal for trial is then placed in the little coke 
crucible, and the current from 20 or 30 pairs of Grove's battery 
is transmitted through it by means of the charcoal-point witn 
which the negative wire of the battery is armed. Gassiot has 
pointed out the remarkable fact, of which no explanation has as 
yet been given, that the positive wire, or the wire connected with 
*the platinum plate, becomes much the hotter of the two in this 
action. This effect is reversed in the case of the secondary cur- 
rent obtained from the Kuhmkorff coil (312), in which the nega- 
tive terminal becomes the hottest, and from which the dispersion 
of solid particles almost exclusively occurs. 

Favre {Gomtes Rmdus^ Iv. 56) has arrived at the interesting 
conclusion that the quantity of neat evolved by the solution oi 
a definite quantity of zinc in any given circuit is lessened in the 
battery itself, in proportion as heat is evolved at any given point 
of the circuit, and that heat is lost when motion is produced. 
The quantity of heat thus lost agrees very closely with the quan- 
tity required by theory if Joule's mechanical equivalent of heat 
(129) be adopted. A part of the heat is thus converted into me- 
chanical effect or motion, as must be the case if the mechanical 
theory of heat (130) be true. V The simple solution of a quantity of 
zinc in sulphuric add, equal in amount to that dissolved in the 
battery during each experiment, was found by previous researches 
to be represented by the number 18444. in these experiments 
Favre arranged the battery itself in a calorimeter; and in a 
second calorimeter he placed the conducting-wire, which was 
coiled in such a manner as tq be applicable to the production of 
electro-magnetic action, the amount of which could be measured 
by its power of raising a weight. He then made five series of 
experiments. In the nrst of these the current traversed the bat- 
tery only and a short copper wire : in the second series, it tra- 
versed the battery and the conducting-wire of the coil, the 
iron not being included in the coil ; in the third series, the me- 
tallic core was previously placed in the axis of the coil ; in the 
fourth series, the apparatus for rotation was set in motion, but 
no weight was raisea ; and in the fifth series a known weight 
was lifted to a definite height by the action of the electro-magnet. 
The results were as follows : — 



No. of 
Experiments. 


Ist Calorimeter. 
(Battery.) 


2nd Calorimeter. 
(Oondncting ooiL) 


Heat lost for 
Weight raised. 


Heat Units. 
Total 


1 


1S682 






18682 


2 


18674 






18674 


8 


16448 


2219 




18667 


4 


18888 


4769 




18657 


6 


1642Y 


2947 


808 


' 18682 



The fifth column gives the total amount of heat measured in 
' * units of heat ' (:m>U p. 208), frbm which it will be seen to be sen- 
sibly equal in each case. 
27 
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The colour of the light emitted by the diflferent metals when 
deflagrated between the wires of the battery, is peculiar for each : 
gold Dums with a bluish whito light, silver with a beautiful green 
fight, copper with a reddish white, zinc with a powerful white 
li^ht tinged with blue, and lead with a purple light ; steel burns 
with brilliant yellow scintillations, mercury with a brilliant white 
light tinged with blue. \ If these lights be viewed separately 
through a glass prism, large dark intervals wilL be seen oetween 
a few brilliant streaks of light of different colours and of definite 
degrees of refrangibility (107, 108). 

Chemieal Aetions of the Voltaic Battery. 

(281) DiBcha/rae hy Gowoection, — To the chemist, however, 
the discnarge of the voltaic current by the process of convection, 
is even more interesting than the brilliant phenomena exhibited 
by the disruptive discharge, since it is in tne discharge by con- 
vection that the important chemical actions of electricity are dis- 
played. 

It has already been explained when describing the voltameter 
(272), that if the connecting wires of a voltaic battery terminate 
in platinum plates or wires which are made to dip into acidulated 
water, decomposition of the liquid takes place, and oxygen and 
hydrogen are evolved at the surfaces of the platinum plates. 
This important discovery was made in the year 1800, by Isichol- 
son and Carlisle, and the chemical action of the voltaic pile thus 
revealed, enabled Davy a few years later to decompose the alka- 
lies and earths, which up to that time had been regarded as ele- 
ments ; but by showing their compound nature, he at once modi- 
fied, in an important manner, the views of chemical philosophy 
which had prevailed up to that period. 

In pursuing these experiments on the voltaic decomposition 
of water, it was soon observed that when copper wires, or the 
wires of metals which are easily susceptible of oxidation, are em- 
ployed, gas escapes from one wire only ; whilst if platinum or 
gold wires be used, gas is evolved from both. In tne first case, 
the oxygen combines with the copper or oxidizable metal, and 
forms an oxide which is dissolved by the acid liquid, and there- 
fore hydrogen alone escapes ; in the second case, both gases are 
evolved ; since neither platinum nor gold has sufficient chemical 
attraction for oxygen to combine with it at the moment of its 
liberation. 

The process of resolving compounds into their constituents by 
electricity, is termed electrolysis (from ' electricity ' and re- 
leasing), and a body susceptible of such decomposition, is called 
an eleot/rolyte : the terminating wires or plates of the battery are 
called \he poles of the batterv. The word electrode is also used 
as synonymous with the pole of the battery, and it implies the 
door or path (from 0S09 a way) to the current by which it enters 
or leaves the compound through which it is transmitted. 

(282) Laws oj Electrolysis. — A great variety of bodies admit 
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of being decomposed^bj electrolysis, but the process is not apj)li- 
cable to all indiscriminately. It occurs under certain dennite 
laws, which may be stated as follows : — 

1. No demmta/ry svhstcmce can he an dect/roJyte : for from 
the nature of the operation, compounds alone are susceptible of 
electrolysis. 

2. Electrolysis occurs only whilst the "body is in the liquid 
state. The free mobility of the particles which form the body 
undergoing decomposition is a necessary condition of electrolysis, 
since the operation is always attended by a transfer of the com- 
ponent particles of the electrolyte in opposite directions. Elec- 
trolysis IS necessarily a process of electrical conduction, but it is 
conduction of a peculiar Kind ; it is totally different from that of 
ordinary conduction in solids, v If an electrolyte be solidified, it 
instantly arrests the passage of the force ; for it cannot transmit 
the electric current lite a wire or a solid conductor ; the thinnest 
film of any solidified electrolyte between the two plates suspends 
all decomposition. Many saline bodies are good conductors 
when in a fused condition ; for example, nitre, whilst in a fused 
state, conducts admirably ; but if a cold electrode be plunged 
into the melted salt, it becomes covered with a film of solid nitre, 
and no current is transmitted until a continuous ch^in of liquid 
particles is restored between the plates by the melting of the film ; 
these effects are readily exhibited by including a galvanometer 
in the circuit. A few partial exceptions to this rule have been 
observed, and have already been alluded to (278) ; but in such 
cases the decomposition is always extremely limited. 

3. During electrolysis^ the components of the electrolyte are 
resol/oed into two groups: one group takes a dejvnite direction 
towards one of the electrodes : the other group tahes a course 
towards the other electrode. This direction of the ions (as the 
two groups which compose the electrolyte have been termed) de- 
pends upon the direction in which the chemical actions are going 
on in the battery itself, The two platinum plates in the decom- 
posing cell may be distinguished from each other in the manner 
proposed by Daniell. These plates occupy respectively the posi- 
tion of a zinc and of a platinum plate in an ordinary cell ot the 
battery: that is to say, if for this decomposing cell an ordinary 
battery cell were substituted, a rod of zinc would occupy the 
place of one of the platimmi plates, and would be attacked by 
the oxygen and acid in the exciting liquid of the battery, whilst 
a plate of platinum or some other conducting metal would oc- 
cupy- the place of the second platinum plate, and would have the 
hydrogen of the exciting liquid directed towards it. To the plate 
01 the decomposing cell which corresponds to the zinc rod, 
Daniell gave the name of the zincode^ which is synonymous with 
the a/node of Faraday and the positi/ve pole of other writers. To 
the plate wliich corresponds to the platinum or conducting metal, 
Daniell gave the name of the platinode^ which is synonymous 
with Far^aday's term of cathode^ and with the negative pole of 
other writers. Oxygen, chlorine, and the acids generally, make 
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their appearance at the zincode in the de^jpmposing cell during 
electrolysis ; whilst hydrogen, alkalies, and the metals are 
evolved upon the platinode. 

This definite direction which the elements assume during 
electrolysis may be shown by collecting the gas which is evolved 
over two platinum plates, connected, one with the last platinum, 
the other with the fast zinc plate, of a combination consisting of 
three or four pairs of Grovels battery. Hydrogen will be collect- 
ed over the platinode, or the plate in connexion with the zinc 
end of the arrangement, and which would correspond to the pla- » 
tinum plate if another cell of the battery were here interposed ; 
whilst from the zincode, or plate in connexion with the platinum 
of the battery, oxygen is evolved. 

The following experiment further illustrates the definite direc- 
tion which the components of the electrolyte assume. Let four 
glasses be placed ^ide \fj side, as represented in fig. 225, each 



Fio. 226. 




divided into two compartments by a partition of card, or three 
or four folds of blotting-paper, and let the glasses be in electrical 
conmiunication with each other by means of platinum wires 
which terminate in strips of platinum foil. Place in the glass 
No. 1, a solution of iodide or potassium mixed with starch ; in 
2, a strong solution of common salt, coloured blue with sulpnate 
of indigo ; in 3, a solution of sulphate of ammonium, coloured blue 
with a neutral infusion of the red cabbage ; and in 4, a solution 
of sulphate of copper. Let the plate, A, be connected with the 
positive wire, and let a complete wie circuit through the negative 
wire. Under these circumstances iodine will speedily do set 
free in J, and will form the blue iodide of starch ; chlorine will 
show itself in d, and will bleach the blue licjuid ; sulphuric acid 
will be seen in and will redden the infusion of cabbage ; sul- 
phuric acid will also be liberated in A, as niay be seen by intro- 
ducing a piece of blue litmus-paper, whioh will immediately be 
reddened ; whilst a piece of turmeric paper will be turned brown 
in a, from liberated potash ; in c it wnl also be turned brown by 
the soda set free ; in e the blue infusion of cabbage will become 
green from the ammonia which is disengaged ; and in g metallic 
copper will be deposited on the platinum foil. 

4. The amomd as well as the di/rection of dectroVukiB is 
nitej and it is dependmt upon the degree of action m me battery; 
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hetng d^ecily prcfportionate to the qimnMtj/ of electricity in ciroih 
lotion. It has been amply proved by experiment tliat for every 
32'7 grains of zinc Avhicn is dissolved in any one cell of the bat- 
tery, provided local action be prevented, 9 grains of water are 
decomposed in the voltameter ; or if, as in the preceding experi- 
ment, several electrolytes be arranged in succession, each com- 
pound will exp erience a decomposition proportioned to its chemi- 
cal equivalent, f For instance — if the current be made to paiss 
first tnrough fiised iodide of lead, and then through fiised chloride 
of tin — ^for each 32*7 grains of zinc dissolved in any one cell of 
the battery, 103*6 grains of lead, and 59 grains of tin will be 
separated on the respective platinodes, whilst 127 grains of 
iodine,^ and 36'5 grainis of chlorine will be evolved on the res]^ec- 
tive zincodes. These numbers correspond with the chemical 
equivalents (not the atomic weights) of the several elements 
named. . ^ * 

Variations in the intensity of the currerit (i. variations in 
the quantity of the force wmch passes through a given trans- 
verse section of the conductor in equal times) produce no varia- 
tion in the amount of chemical decomposition which is eflfected 
by the arrangement. For example : if three similar voltameters, 
provided with plates of equal area, be arranged as at a, 5, c, fig. 
226, the first will transmit twice as much electricity in a given 
tinae as either of 
the others. The 
current will there- 
fore have twice the 
intensity in a ; but 
the total quantity 
of gas collected 
from h and c to- 
gether will be ex- 
actly equal to the 
total amount yield- 
ed by a in the 

course of the experiment, f Hence it follows that the quantity of 
electricity which is separated fi-om a given weight of matter in 
the act of combination is able, irirespective of its intensity, when 
thrown into the current form, to produce the decomposition of 
an equivalerd gucmtity of any compound body which is suscepti- 
ble of electrolysis ; and hence it nas been concluded that the 
equivalent weights of the simple* bodies are those weights of each 
substance whicn are associated with equal quantities ot electricity, 
and have naturally equal electric powers. 

To these laws may be added a fifth — viz. : — 
6. Those bodies only are electrolytes which a/re composed of a 
conductor and a non conductor. The conductors accumulate on 
the platinode, the non-conductors on the zincode. > For example, 
/Iodide of lead when melted, conducts the current ; metallic lead, 
j -which is a conductor, accumulates at the platinode; whilst iodine, 
I which is a non-conductor even when melted, collects at the zinc* 
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ode. On the other hand, red chloride of sulphur (/SOI,) is not 
an electrolyte, although composed of single eqvmalefUs of its 
components ; and melted sulphur, and chlorine, when llie latter 
is liquefied by pressure, are both insulators of electricity. A 
compound composed of two conductors is equally unfit for elec- 
trolysis. ' For instance, a metallic alloy, such as plumber's solder, 
composed of two parts, or one equivalent, of lead, and one part, 
or one equivalent, of tin, when melted, conducts the current per- 
fectly, but no separation of its constituents is eflfected. 

(283) ReLatim DeconvposcMUty of EUctrolytea. — Every elec- 
trolyte, since it can transmit a current, is also capable oi gene- 
rating a current if it be employed to excite action in the battery 
itself. Oomparatively few electrolytes, however, are practically 
available for this purpose. It is necessary that the deposited 
compounds be dissolved as fast as they are produced ; otherwise 
thfe crust of insoluble matter introduces a mechanical obstacle by 
which the action is speedily checked. 

Great differences occur in the facility with which different 
electrolytes yield to the decomposing action of the voltaic current. 
Generally speaking, the greater the chemical opposition between 
the elements of a compound, the more readily it yields to elec- 
trolysis. The following table exhibits the order in which, ac- 
cording to Faraday, the different compounds which are enume- 
rated yield to electrolysis ; those whicn are most readily decom- 
posed-standing first on the list : — 

Solution of iodide of potassium 
Fused chloride of silver 
Fused chloride of zinc 
V Fused chloride of lead 

Fused iodide of lead 
Hydrochlokjric acid 
Diluted sulphuric acid. 

(284) . Electr(hGhemieal Actions. — ^The suspension of chemical 
action which occurs *mder the influence of electrical induction is 
one of the most interesting illustrations of the correlation of 
forces. This suspension is well shown in the way in which zinc 
when placed in contact with- 'copper beneath the surface ot sea- 
water, acts in preventing the corrosion of copper, and transfers to 
itself the chemical energy which would otherwise be manifested 
upon the copper (261). A similar suspension of chemical action 
is produced in the ordinary case of the decomposition of water 
between two platinum electrodes by the voltaic current: here 
the electricity appears to act by weakening, or rather by partly 
neutralizing, ordinary chemical attraction in one direction, whilst 
it strengthens or ad&s to it in the opposite, and hence the par- 
ticles which were previously in combination with each other 
lose their attraction one for the other, and acquire it for those 
particles which are next adjacent to them in the liquid ; thus, 
if the brackets above the subjoined formulae indicate the state 
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of combination of the elements of hydrochloric acid before the 
passage of the current, the brackets below would indicate the 
effect produced after its transmission, thus : — 

B.C1 Hci Hci Hci 



Here z o is supposed to represent the battery, and + and — 
the terminal wires of the arrangement : the positive electricity 
seems to detach the chlorine adjacent to it from the hydrogen 
with which it was previously in combination, whilst the negative 
electricity produces a similar effect upon the contiguous particles 
of hydrogen, and the intermediate portions are polarized in the 
manner above represented. 

The following modification of this experiment also shows 
in a striking manner the remarkable influence of electric polar- 
ity upon chemical attraction: — K two separate glasses filled 
with diluted sulphuric acid be placed side by side, and into 
one glass the negative wire of the battery is plunged, whilst 
the positive wire dips into the other cell, no decomposition will 
ensue ; but if a connexion be established between the two 
glasses by means of a slip of platinum foil, one end of which is 
made to dip into each, the current will be immediately trans- 
mitted : hydrogen will be evolved upon the platinode in one 
glass, and oxygen upon the zincode in the other glass ; whilst, 
owing to the polar condition into which the connecting slip of 
platinum is thrown, hydrogen will be given off from one end of 
the slip, and oxygen will be evolved upon the other extremity 
of it, although the metal itself e^,eriences no sensible change 
beyond a slight rise of temperature. 

(285) EUctrolyda of Salts. — It has already been stated (282) 
that when a binaiy compound, such as a fused chlorid(^, or an 
iodide, is submitted to electrolysis, the ions or components of the 
compound are separated at the respective electrodes in equivalent 
proportions : the metal appearing at the platinode, whilst the 
chlorine, or corresponding element, is deposited at the zincode. 
If the zincode of the battery be formed of a substance capable 
of combining with the chlorine or corresponding element, an 
equivalent amount of the chloride or otner compound of this 
metal will be formed there ; and when the metal of the zincode 
is the same as that contained in the compound which is under- 
going decomposition, the original compound is reproduced. 
Thtte, if a quantity of fused chloride of silver (AgCI) be >decom- 
posed by a current which is conducted into it by means of silver 
wires, tne quantity of the chloride will undergo no alteration ; 
for in this experiment, as fast as the silver is deposited upon the 
negative wire, a corresponding amount of silver will be dissolved 
from the positive wire, since the latter wire combines with the 
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equivalent quantity of chlorine which is liberated at this point 
Let Ag+ represent the positive silver wire, or zincode, by which 
the current is conveved into the melted chloride, and — Ag the 
negative wire : if the brackets in the upper row of symbols 
which follow indicate the combination before the passage of the 
current, the lower ones wiU show the arrangement after the oc- 
currence of the decomposition : — 

-Ag l AgilgiAgll Ag+ 

AgAg I ClAg ClAg ClAg I 

An examination of the products fiimished by the electrolytic 
decomposition of aqueous solutions of the oxysalts (or salts formed 
from acids which contain oxygen), exhibits results which appear 
to be at variance with the statement that the components ot an 
electrolyte are separated in equivalent proportions — but further 
investigation shows that they are strictly in accordance with it ; 
these experiments also lead to very interesting conclusions which 
have an important bearing upon the theory of salts, in general. 

When a solution of an oxysalt such as sulphate of sodium is 
submitted to electrolysis, a quantity of acid accumulates around 
the positive plate, and of alkali around the negative plate ; whilst 
at the same time both oxygen and hydrogen are set free. The 
proportions of each may be determined by means of a diaphragm 
apparatus, in which the products of decompQsition can oe kept 
separate from each other, and the gases which are evolved can 
be separately collected. Such an apparatus was contrived by 
Daniell, and is represented in fig. 227. a and c are the two 

Fig. 227. 




halves of a stout glass cylinder, which are fitted by grinding upon 
a hollow ring of glass, o ; the two rims of this rin^ are ground 
down to a grooved shoulder, so as to allow a thin piece of blad- 
der to be tied over each end of the ring, which thus constitutes a 
kind of drum ; at k is a small hole through which the cavity thus 
formed can be filled with liquid ; d and e are two bent glass 
tubes for carrying off the gases evolved during electrolysis ; g and 
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h are two large platinum electrodes, which pass through corks 
in tiie necks of the cylinder, and can be connected with the bat- 
tery by means of the wires, f, i. The apparatus thus forms 
three compartments, which may be filled witn the liquid for eX' 

Seriment, and the whole may be supported in a frame of wood, 
ty the employment of this apparatus, it is found that while a 
quantity of acid accumulates at the zincode, an equivalent 
amount of alkali is set free at the platinode. At the same time, 
a quantity of gas is also emitted from each electrode, that from 
the zincode being oxygen, and that from the platinode, hydro- 
gen. Upon placing a voltameter in the course of the circuit, it 
IS found that a quantity of gas is emitted from the saline liquid, 
exactly equal to that obtained from the voltameter ; and upon 
neutralizing the acid and alkali, thejr likewise are in equivalent 
proportions to the gas which is emitted (Daniell, Phif. Trans.y 
1839 and 1840).* Suppose that the gas collected in the volta- 
meter amount to 71 cubic inches (or the quantity yielded by 9 
grains of water at 60° F., Bar. =30 inches), the united quantity of 
oxygen and hydrogen from the solution of sulphate of sodium would 
be the same, — and, in addition, one equivalent in grains, or 71 
grains of sulphate of sodium would be decomposed ; 31 grains of 
soda (Na,0) would apparently be liberated at the platinode, and 40 
grains of sulphuric anhydride {SO^) at the zincode. Upon substi- 
tuting a voltameter of ftised chloride of lead in the circuit for 
one containing diluted sulphuric acid, and still continuing to 
transmit the current through the solution of sulphate of sodium, 
it was found that for every equivalent of chloride of lead which 
^as decomposed, 1 equivalent of the mixed gases was evolved 
from the saline solution, and at the same time 1 equivalent of the 
sulphate was decomposed. What is observed in the case of sul- 
phate of sodium holds good also with the oxysalts of the alkalies 
and earths generally. 

(286) Bmrw^ (if Eleci/rolysis on the Binary Theory of SaUs. 
— It is a fundamental law of voltaic action, that the amount of 
force circulating in any circuit at the same time is equal in every 
vertical section of the circuit, and consequently its decomposing 
energy in each section must also be equal ; yet in the case of the 
sulphate of sodium, there appears to be in the saline solution 
twice the amount of decomposition that occurs in the adjacent 
voltameter, though both are transmitting the entire current from 
the battery. A satisfactory and comjplete explanation of this 
anomaly is, however, effected by the Innury theory of salts in the 
following manner : — 

Upon the binary theory of salts, the component ions of sul- 
phate of sodium are not soda and sulphuric anhydride (Nag^?, SO^ 

* This observation is strictly true, as I have found by numerous careful repetitions 
of these experiments, although, as Magnus {Pogg. Annal. cii. 1) has pointed out, when 
ihe quantity of add and alkali becomes considerable in the two cells, the liberated acid 
and alkali each transmit a portion of the current as well as the sulphate of sodium, so 
tiiat if the experiment be unduly prolonged, the proportion of the acid and base set free 
is less than that which theory requires. 
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but sodium and sulphion (a compound of 4 atoms of oxygen and 
1 of sulphur), the compound being svlphionide oj sodium 
(NsL^SO^) ; and such it proves to be under the influence of elec- 
trolysis, sodium being liberated at the platinode, whilst sulphion 
appeal's at the zincode. Sodium, however, cannot exist in the 
presence of water ; the metal immediately takes oxygen, and be- 
comes converted into soda; Naj-t-H,0 yielding ]S'a,<?+H, : the 
alkali is dissolyed in the liquid, whilst the hym-ogen escapes as 
gas. Sulphion is equally unable to exist in the separate form ; 
it combines with hydrogen, 'El^O-{-SO^ becoming 0-{-T3L^S0^, 
while oxygen escapes, ana sulphuric acid is formed : and as both 
sodium and sulphion are liberated in equivalent proportions, the 
quantity of water decomposed is also equivalent to the quantity 
of salt electrolysed. 

On the foregoing view, therefore, the evolution of oxygen and 
hydrogen during the decomposition of saline solutions is a second- 
ary action. If a solution of salt of a metal which, like copper or 
lead,* does not decompose water at ordinary temperatures, be 
substituted for one of sulphate of sodium as the electrolyte, no 
hydrogen should be evolved, but the metal itself should appear 
upon the platinode ; whilst if the other constituent of the salt be 
one which, like chlorine, is unable to take hydrogen from water 
at common temperatures, no oxygen should be emitted. Accord- 
ingly, upon making the experiment with a solution of chloride of 
copper or of chloride of lead, the salt is resolved into metallic 
copper or metallic lead, and chlorine gas, but no oxygen or hy- 
drogen, is liberated. These observations will explain the reason 
that although water, when pure, is scarcely decomposed by the 
current from 100 cells or upwards, yet it appears instantly to 
become a good electrolyte on the addition of a few drops of acid, 
or of solution of a salt of an earth or an alkali ; for upon the 
addition of the salt it is this body which is decomposed, and the 
water is then resolved into oxygen and hydrogen by a secondary 
action in the manner already explained. Sulphuric acid in solu- 
tion is in like manner resolved into hydrogen and sulphion, 
H^(?^. In neither case is the water directly electrolysed. This 
observation also explains a circumstance wnich much perplexed 
the earlier experimenters upon the chemical action of the voltaic 
pile. In all experipients m which water was decomposed, both 
acid and alkali were invariably found to be liberated at the 
electrodes, although distilled water was employed ; and hence it 
was believed for some time that the voltaic current had some 
mysterious power of generating acid and alkaline matter. The 
true source of these compounds, however, was traced by Davy 
{Phil. Tra/ns.y 1807), who showed that they proceeded from im- 
purities contained either in the water employed, or in the vessels 
made use of, or in the atmosphere itself. Ilaving proved that 
ordinary distilled water always contains traces of saline matter, 
he redistilled it at a temperature below the boiling-point, in order 
to avoid all risk of carrying over salts by splashing : he found 
that when he used marble cups to contain the water for decom- 
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position, the acid was the hydrochloric and the alkali was soda, 
both derived from chloride of sodium present in the marble it- 
self ; when agate cups were used to contain the water, he ob- 
tained silicia ; and when he used gold vessels, he procured nitric 
acid and ammonia, which he traced to atmospneric air; by 
operating m vacuo^ the quantity of acid and alkali was reduced 
to a minimum, but the decomposition then was almost arrested, 
although he operated with a battery of 50 pairs of 4-inch plates. 
Hence it is manifest that water itself is not an electrolyte, but it 
is enabled to convey the current if it contain only faint traces of 
saline matter. 

The following table will illustrate the manner in which saline 
bodies may be classified in relation to their mode of electric de- 
composition ; the anion indicating the electro-negative, the 
catfmn the electro-positive component. 

^ sin-pie. IS^iS'o;"::::::::::::::::::::;:::::::: 

^1. Simple Anion 1^ tt xr rn 

Compound Cathion ^±i4iN,t;l. 



B, Complex.. 



2. Compound Anion Xxrisn 

Sirnnle Cathion 



8. Compound Anion \ts is n-a n 

Compound Cathion ^ H4N,C,H,C;,. 

1. Compound Anion ). Vo -p/i 

Sunple Cathions j-JMajrcy*. 

2. Compound Anion ) i-^ tt tt •m"\ -p/i 

Simple and Compound Cathions J" 



Wben monohcmG salta are the subjects of electrolysis, the pro- 
portion of acid and of base liberated is in single equivalents : 
tiius, nitrate of potassium yields 1 equivalent of potasn and 1 of 
nitric acid for each equivalent of Aised chloride of silver which is 
decomposed in the voltameter. 

When a polyhaaio saU is submitted to electrolysis, for each 
atom of fased chloride of lead (P5C1,) which is electrolysed in the 
voltameter, 2 atoms of base appear at the platinode : for exam- 
ple, when 2 atoms of the tribasic phosphate of sodium are decom- 
posed, 3 atoms of chloride of lead are reduced in the voltameter ; 
and in the diaphragm cell 2 (IsTa^PC^,) yield 3 Na,(?-f3 H, at the 
platinode, whilst 2 (H3POJ + 3 are liberated at the zincode. 
When the pyrophosphate of sodium (N"a^P,0,) is electrolysed, 2 
atoms of chloride of lead are decomposed in the voltameter, whilst 
2 Na3<?+2 BL, make their appearance at the platinode of flie dia- 
phragm cell, and H^P,(?,-t-^a are set free at the zincode. When 
2 atoms of metaphosphate of sodium 2 (Na,P<?,) are decomposed, 
1 atom of chloride of lead is electrolysed in the voltameter, whilst 
Na,0-f H, appears at the platinode of the diaphragm cell, and 2 
HP<?,+ is liberated at the zincode. In each case the phospho- 
ric acid thus transferred preserves its tribasic, dibasic, or mono- 
basic character, according to the nature of the salt which was 
electrolysed. 
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The results of the electrolysis of the monobasic and ^lybasic 
oxysalts, it will thus be seen, admit of a simple explanation upon 
the binary theory. The results of the decomposition of the basie 
salts are not, however, so easily reconciled with this view. Ac- 
cording to E. Becquerel, when basic salts are decomposed, — for 
each atom of chloride of lead in the voltameter, 2 atoms of a 
monobasic acid are liberated at the zincode, whilst all the atoms 
of base which were previously in combination with the add are 
liberated at the platinode. My own experiments upon this point 
confirm this view, although from a numerous series of trials on 
the basic nitrites, basic nitrate, and basic acetates, of lead, I 
always obtained a smaller quantity of oxide of lead and of me- 
tallic lead than was required by theory, if this law held good ; 
probably this deficiency was due to the secondary action of the 
solution upon the liberated oxide. When, for example, the tri- 
basic acetate of lead {PI 2 PbO^ 2 G^B.^O^) was decomposed, em- 
ploying as the electrodes plates of lead instead of plates of plati- 
num, for every 2 atoms oi acetic acid radicle whicn appeared at 
the zincode, somewhat less than 1 atom of metallic lead and 2 
atoms of oxide of lead appeared at the platinode : so that the 
salt appeared to have undergone decomposition into Pl-\-2PbO 
and 2 C^fi^, It is difficult to reconcile the idea of an ion con- 
sisting of Ph-\-2 PiO* with the binary theory. The most prob- 
able explanation appears to be this : viz., that the oxide of lead 
is attached to the normal acetate in a manner analogous to water 
of crystallization, and that the normal acetate is the true electro- 
Ivte, whilst the oxide is left upon the electrode in the insoluble 
K)rm as soon as the acid which kept it in solution is removed. A 
similar explanation may be applied to the case of other soluble 
basic salts. 

Faraday's ' principle, that if the same pair of elements unite 
with each other to form more than one compound, it is only the 
compound which contains one atom of each element that admits 
of electrolysis,' although generally true, cannot, however, be laid 
down as a law of electric decomposition. It occasionally happens 
that two different electrolytes containing the same elements exist. 
Both cupric chloride (CWC I3V and cupreous chloride ((7t^Cl), for 
example, are electrolytes. When a current of given strength is 
transmitted successively through, 1, a solution of sulphate of cop- 
per; 2, a solution of cupric chloride; and 3, fused cupreous 
chloride,— decomposition takes place simultaneously in each : but 
for each atom of sulphate of copper resolved into Gu and SO^^ 
one of cupric chloride is decomposed into Gu and Clj and two of 
cupreous chloride into 2 Gu and CL,-; so that for each atom of 
copper separated at the platinode from the solution of the sul- 

* E. Becquerel considered tliat he had obtained a new suboxide of lead by the eleo< 
trolysis of its basic salts, but this appears to be an error. It is a mere mixture of 
metallic lead with oxide of lead, for the solution of neutral acetate of lead quickly dis- 
solves the oxide and leaves the metallic lead ; and the proportion of oxide to the metallic 
lead vanes according to the nature of the salt operated upon. 
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pliate and from the cupric or ordinary chloride, 2 atoms of cop- 
per are liberated from the cupreous chloride. 

If sulphate of copper be used as the measure of the voltaic 
action, BuflF {Biebig*8 Armal.^ ex. 257) considers when fused 
molybdic anhydride is electrolysed, that for each atom of sul- 
phate of copper resolved into Cu and SO^^ 1 atom of molybdic 
anhydride {moO^ furnishes 1 atom of oxygen and 1 of MoO^ 
and in like manner 1 atom of fused vanaoic anhydride ( VO^ 
furnishes 1 of oxygen and 1 of VO^. Fused bichromate of potas- 
sium {K^0}\0^^ or TL^CrO^^OrO^ is also an electrolyte, and it is 
decomposed partially into K, and OrO^^ and partially into Cr^O^ 
and O^. 

The same current which liberates 3 atoms of metallic copper 
from 3 of sulphate of copper, will successively resolve one atom 
of chloride of aluminum {AIJ^^ into Al^ and Cl„ 6 of cupreous 
chloride, 6 ((7^01), into Cu^ and Cl^, and 2 of chromic anhy- 
dride, 2 {GrO,,\ into and 0,. 

"When more than one salt is present in a solution, the current, 
when below a certain strength, decomposes only one of them, the 
best conductor being decomposed when the current is feeble ; but 
when the intensity of the current passes a certain limit, a portion 
of the inferior conductor experiences decomposition. This limit 
to the intensity of the current, according to Magnus {Pogg, Ann., 
cii. loo. oit.)y varies with the size of the electrodes, and with the 
distance between them, as well as with the proportion in which 
the diflferent electrolytes are mixed.* 

(287) ZTnegrual Tramfer of Ions during Electrolysis. — A cu- 
rious circumstance in relation to the proportion in which the ions 
of the electrolyte travel towards the respective electrodes, was 
remarked in the course of these investigations on the decomposi- 
tion of saline solutions. It was perhaps natural to expect that, 
if a solution underwent electrolytic decomposition, for each 
equivalent of the compound decomposed, its component ions 
should be transferred to each electrode in the exact proportion 
of half an eqmvalent of each, although a whole equivalent was 
liberated in the manner shown at No. 2 in the scheme which 
follows : — 

(1) 

(2) 
(3) 
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In this scheme it is supposed that sulphate of copper is the 

* The results obtained by Magnus upon the decomposition of iodic acid, perchloride 
of tin, and some other bodies, appear to be only secondary actions, not produced by the 
direct electrolysis of these compounds, and consequently they do not admit of being 
applied to the general theory. This, indeed, has already been pointed out by Buff. 
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electrolyte, each particle of copper represented by the symbol Cu 
being in combination with the particle of sulphion represented by 
SO4 immediately beneath it. Let a a indicate the position of a 
diaphra^ of bladder separating two equal quantities of the solu- 
tion which in No. 1 are supposed to be in their normal state. 
Let No. 2 represent the same solution after it has undergone 
electrolysis ; an equivalent of copper having been set fi*ee at the 
platinode, and one of sulphion at the zincode. It was not un- 
natural to expect that this result would have been attained by 
the transfer of half an equivalent of copper into the division con- 
taining the platinode, whilst half an equivalent of sulphion passed 
towards the zincode in the manner represented. Expenment, 
however, shows that such a supposition is erroneous, and that 
the decomposition more commonly happens in the mode repre- 
sented in No. 3, in wluuch case a whole equivalent of the anion 
is transferred to the zincode, leaving a whole equivalent of 
catliion uncombined, at the platinode. Sometimes when the 
oxide of a metal is soluble in water, the transfer of a small quan- 
tity of the cathion takes place towards the platinode, but the 
quantity of the cathion and the anion set tree are always in 
^uivalent proportions to each other (Daniel! and Miller, *Phil, 
Trcms,^ 1844, p. 16). Acids, whether they be soluble in water 
or not, always travel towards the zincode in proportions larger than 
the metals which are united with them pass towards the platinode. 

D' Almeida {Ann, de Ckimie^ III. h. 257) attributes these re- 
markable irregularities, which occasion much inconvenience in 
electro-plating, to the development of free acid around the zincode. 
He considers that the acid, owing to its superior conducting power, 
conveys a large proportion of tne current, and that the metal is 
then reduced upon the platinode by the hydrogen, at the moment 
of its liberation. He nnds that when the solutions are strictly 
neutral the inequality of transfer is scarcely perceived. Strictly 
neutral solutions of copper and zinc, when decomposed between 
electrodes of copper or zinc respectively, become acid during the 
operation, because the metal at the zincode is not dissolved quite 
so rapidly as it is separated at the platinode, and consequently a 
little free acid accumulates around the zincode, and occasions the 
irregularity in transfer of the ions which we are now considering. 
When a current traverses a saline solution kept constantly acid 
in the zincode cell, whilst the platinode is maintained constantly 
neutral, the salt is transferred unequally, the zincode becoming 
least impoverished ; but if the solution be kept neutral around 
the zincode whilst it is maintained alkaline around the platinode, 
the result is reversed, and the impoverishment of the platinode is 
the least marked. 

This explanation of D' Almeida is confirmed by the subsequent 
researches of Magnus. Hittorf {Pogg. Annal.y Ixxxix. 177, and 
xcviii. 1) gives a different, and, as it appears to me, an improba- 
ble and complicated theory for the explanation of these results ; 
but his experiments appear to be consistent with those already 
quoted. 
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(288) JSlectrovection, or Electrical Endo^mose. — ^It was ob- 
served many years ago by Porrett, when water was placed in a 
diaphragm apparatus, one side of which was connected with the 
positive, and the other side with the negative electrode of the 
battery, that a considerable portion of the liquid was transferred 
from the positive towards the negative side of the arrangement. 
It has since been found that the same result occurs in a minor 
degree when saline solutions are electrolysed, and, generalljr, the 
greater the resistance which the liquid offers to electrolysis the 
greater is the amount which is thus mechanically carried over. 
From numerous experiments I have found that in all these cases 
the water carries with it a proportion of the salt which it holds 
in solution. It appears from the researches of Wiedemann {Pogg. 
AnnaL.^ Ixxxvii. 321), which have been confirmed by those of 
Quincke, that the amount of liquid transferred, Gceteris parihvs^ 
is proportioned to the strength or intensity of the current ; that 
it IS independent of the thicKuess of the diaphragm by which the 
two portions of liquid are separated ; and that when different so- 
lutions are employed, the amount transferred in each case, by 
currents of equal intensity, is directly proportional to the specific 
resistance of the liquid. 

This transfer has been minutely studied by Quincke, who 
seems to have explained the steps which attend its production : — 
If a capillary tube, bent into the form of the letter U, filled 
with an imperfect conductor, such as alcohol or distilled water, 
be connected by platinum wires with the inner and outer coatings 
of a charged Leyden jar, the level of the liquid is raised in the 
n^ative hmb, and depressed in the positive limb. The quantity 
of liquid which is thus carried over is proportioned to the electro- 
motive power of the arrangement, and is independent of the 
length of the tube : he has also found that the quantity of liquid 
carried over for equal charges is inverselv as the square of the 
diameter of the tube. In a tube of one millimetre diameter with 
a single cell of Grove's battery, distilled water rises 0-000061°'°'' 
in the negative tube. 

If oil of turpentine or bisulphide of carbon be substituted for 
water, and the two platinum wires be connected with the positive 
and negative conductors of the electrical machine, the move- 
ments are reversed, the fluid rising in the positive bend. The 
motion of oil of turpentine may, however, be reversed if the tube 
be lined with sulphur. If a diaphragm apparatus with a porous 
clay septum be used, the essence of turpentine is transferred 
towards the positive electrode, but if a diaphragm of flowers of 
sulphur, compressed between two pieces of silk, be used, the trans- 



transfer is connected with the particular electrical condition as- 
sumed by the containing vessel or diaphragm, in relation to the 
liquid which is set in motion. 

It has been observed by Jiirgensen, that light particles of va- 
rious solids in suspension in water are transferred in the direc- 
tion opposite to that in which the water is carried under the in- 




electrode. It is obvious that this 
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fluence of the current ; and these motions are diminished by the 
addition of any salt or other substance which increases the conr 
ducting power of the liquid. 

Into a straight piece of capillary tube 04**°^" in diameter, let 
distilled water containing a few granules of starch in suspension 
be placed, and let the liquid be connected with the positive and 
negative conductors of the machine, by means of platinum wires 
sealed into the tube. It will then be seen that tne granules in 
the centre of the tube pass towards the negative electrode, whilM 
along the sides of the tube is a return current towards the othei 
electrode. By increasing the rapidity of the rotation of the 
machine, the central current becomes increased in rapidity, whilst 
that on the surface becomes slower, and at length the movement 
of the suspended particles is reversed, so that all move towards 
the negative electrode. The wider the tube, the more difficult 
it is to produce this reversal of the current of the particles at the 
surface. Solid particles of the most varied description exhibit 
these phenomena, and alwavs in the same order when water is 
employed. Thus, whether nnely-divided gold, platinum, copper, 
iron, graphite, quartz, felspar, oxide of manganese, asbe8dx)6, 
emery, baked clay, sulphur, lac, silk, cotton, lycopodium, car- 
mine, quill, paper, ivory, air-bubbles, small drops of oil of tur- 
pentine or of bisulphide of carbon, be used, the phenomena are 
in each case similar. 

If oil of turpentine be substituted for water, the same bodies 
all move, but the motions are now towards the positive electrode, 
with the single exception of sulphur. 

Quincke seems to have found the key to these remarkable 
phenomena. By employing granules of lycopodium, which are 
sufficiently uniform in size, and very nearljr of the same density 
as water, he ascertained by watchmg their motion under the 
microscope, that the velocity of a particle near the axis of the 
tube is proportional to the intensity of the current. The follow- 
ing is his explanation : — 

The water near the sides of the tube is transferred towards 
the negative electrode, while all the suspended particles are im- 
pelled towards the positive electrode. These two motions are 
effected with a speed proportioned to Ae intensity of the current ; 
but the water returns along the axis of the tube, as there is no 
other course open to it, and assists the motions of the suspended 
particles. The water on the sides of the tube, on the contrary, 
carries the particles in a direction opposite to that in which they 
are tending. When the intensity of the electricity increases, the 
rapidity with which the particles move increases more rapidly 
than the motion of the liquid, because of the increasing influence 
of the friction of the sides upon the moving water ; so that at 
length a point is reached in wnich the solid particles move faster 
than the opposing current of the water. 

In these phenomena water acts partly as a conductor, partly 
as an insulator. As a conductor traversed by a current, the cylin- 
der of water on its siirl'ace acquires a quantity of free electricity, 
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the density of which varies from one section to another ; but in- 
asmuch as the conducting power of water is imperfect, time is 
required for the communication of the electricity of one particle 
to the adjacent particles. Now a particle of water near the side 
of the tube becomes positively electric by contact with the glass, 
and its positive electricity tends to move in the same direction as 
the positive electricity of the current ; but since the particle of 
water cannot instantaneously part with its electricity, it is earned 
forward in the direction of the positive current : and these mo- 
tions can only occur in imperfect conductors, which retain their 
charge for a sensible time. If a foreign substance, such as a grain 
of starch, be suspended in the water, it becomes negatively elec- 
tric by simple contact with the water, and independently of the 
current from the machine, — water having been shown, by Fara- 
day and others, to become positively electrified by friction with 
every substance hitherto tried; ana the electricity evolved by 
contact follows the same law as that produced by niction. If a 
conducting liquid be added to the water, these conditions of the 
development of electricity by contact are altered, and the motion 
of the particles is arrested. 

Oil of turpentine, on the contrary, becomes n^ative by fric- 
tion and by contact with all substances hitherto tried, except 
sulphur, and consequently the direction of the movements is re- 
versed. (Quincke, Avm. de Chimie^ III. Ixiii. 479.) 

(289) Secondary Results of Electrolysis. — ^The explanation 
already given of the mode in which the oxysalts are electrolysed 
was happily applied by Daniell to the elucidation of the origin 
of the voltaic power, m a combination contrived by Becquerel 
(262), which presents many interesting peculiarities. If a porous 
tube filled with nitric acid be plunged into a vessel containing a 
solution of potash, and the wires of a galvanometer, armed with 
platinum plates, be plunged one into the nitric acid, and the 
other into the alkaline solution, a current will circulate ; oxygen 
will be emitted from the plate immersed in the potash, and 
nitrous acid, owing to the absorption of hydrogen by the nitric 
acid, will be formed around the other plate, whilst nitrate of 
potassium is slowly produced by transudation of the two liquids 
through the pores of the diapm-agm. By connecting several of 
these cells together in succession, upon the principle of the ordi- 
nary battery, the power may be considerably augmented. The 
decomposition which appears to occur is represented by the fol- 
lowing symbols, in which H,N<?, indicates the nitric acid, and 
K,H<7 the hydrate of potash : the position of the brackets above 
tho symbols indicates the arrangement before the current is estab- 
lished, whilst, at\er its passage, the arrangement is supposed tp 
be that indicated by the brackets beneath : — 

I kJi^. 

It is particularly to be observed that no development of oxy- 
28 
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gen or of hydrogen occurs upon the platinum plates until ihe 
two plates are united by a conducting wire, and it ceases as soon 
as the conducting communication between the plates is inter- 
rupted: in the latter case the polar airangement of the particles 
is interfered with, altliough the reaction of the hydrate of potash 
upon the nitric acid continues. The secondary action of the 
mtric acid on the hydrogen which is set free is necessary to the 
development of the current. If sulphuric acid be substituted for 
the nitric, the hydrogen is not absorbed and no current is ob- 
tained, probably because it is neutralized by the counter current 
which tne accumulation of the hydrogen upon the platinum plate 
tends to produce (264J. 

The secondary actions of the voltaic current are often of great 
importance ; they require to be carefully distinguished from its 
pnmary effects. Secondary results are, in some instances, pro- 
duced by the action of the liberated components of the electrolyte 
upon the materials employed as electrodes : thus if a slip of cop- 
per be substituted for one of platinum, as the zincode of the bat- 
tery, and be immereed in diluted sulphuric acid, sulphate of cop- 
per will be formed by the combination of the copper with the 
disengaged sulphion. At other times, the secondary results are 
manifested by the reaction of the ion upon the liquid in which 
the electrolyte is dissolved, as when the potassium or sodium, set 
free at the platinode in an aqueous solution of its salts, liberates 
hydrogen by its action upon the water; K + HH(?=1I+KH0. 
In the cases just cited, the chemical attractions of the disengaged 
ions are very intense, and the secondary action is exactly propor- 
tioned to the primary, so that it may be employed as a measure of 
the current : but when the tendency to combination is more 
feeble, the proportion of these secondary actions to the primary 
one is greatly influenced by the extent of surface exposed by the 
electrode to the liquid, and the energy of the current, and conse- 
quent quantity of the ion disengaged at once. Generally, the 
slower the action, and the larger the surface of the electrode, the 
more uniform and complete is the secondaiy action. These 
results are well exemplified by Buiisen's researches on the isola- 
tion of the more oxidizable metals by the voltaic current. If a 
thin platinum wire be used as the platinode i'n a solution of chlo- 
ride of chromium, to convey the current from 4 or 5 cells of the 
nitric-acid battery, metallic chromium may be obtained without 
difliculty ; but if a plate of platinum be employed, oxide of chro- 
mium, mixed with a certain amount of hydrogen, is liberated ; 
in the latter case the metal has time to decompose the water 
before fresh particles of chromium are deposited upon its surface. 

In consequence of these secondary actions the same element 
may sometimes appear at one electrode, sQmetimes at the other, 
as is seen in the case of nitrogen : if, for instance a solution of 
sulphate of ammonium be submitted to electrolysis, it yields 
ammonia and hydrogen at the platinode and a mixture of ni- 
trogen with oxygen is set free at the zincode. The nitrogen in 
this case is liberated as a secondary result of the combination of 
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a portion of the oxygen with the hydrogen of the ammonia. If 
nitrate of ammonimn be substituted for the sulphate, nitrogen 
appears among the gaseous products at both electrodes, the nitric 
acid being deprived of its oxygen by the hydrogen evolved at the 
platinode, and the ammonia of its hydrogen by the oxygen set 
free at the zincode. 

If a solution of acetate of lead be employed as the electrolyte, 
the acetic acid undergoes partial decomposition from the action 
of the oxygen upon it at the moment of its liberation at the zinc- 
ode, but at the same time a portion of the oxygen also enters 
into combination with some of the oxide of lead contained in the 
liquid, and, as Warington proved, a deposit of peroxide of lead is 
produced. !Nobili, who first observed this phenomenon, found that 
if a polished steel plate be employed in such a solution as the 
zincode to the battery (4 or 6 cells of Grove's may be employed), 
the deposit assumes the form of a thin film, which exhibits the 
iridescent tints of Newton's scale, — the tints varying according 
to the thickness of the film produced. Other experimentalists 
have modified the patterns which may be obtained by these metdlr 
lochrom^s. which have been applied by Becquerel even to the 
imitation of the tints of flowers ; and by varying the strength 
of the battery and of the solutions employed, he has succeeded in 
producing some effects of great delicacy and beauty. Salts of 
manganese or of bismuth may be substituted for those of lead, 
with similar results. 

Many of these secondary actions are very interesting : Kolbe 
has devoted particular attention to the effects of oxj^gen when 
liberated during electrolysis {Proceed. Chern, Soc,^ iii. 285, ajid 
Q. J, Chem. Soc,^ ii. 15y). Hydrochloric acid, especially when 
previously mixed with sulphuric acid, is in this manner partially 
converted around the zincode into chloric and perchloric acids ; 
and in an acid solution of chloride of potassium, chlorate and 
perchlorate of potassium are formed. Cyanide of potassium in 
solution, when subjected to the voltaic current, is in like manner 
converted into the cynate. A concentrated solution of chloride 
of ammonium evolves hydrogen at the platinode, but the chlorine 
instead of being liberated at the zincode, acts upon the chloride 
of ammonium, and forms oily drops of chloride of nitrogen, which 
explode when touched by the opposite electrode. Smee has 
shown that by means of the voltaic current the ferrocyanide may 
be converted into the ferricyanide of potassium. Kolbe has, 
fttrther, ascertained the effect of the liberated oxygen upon 
various organic compounds, and by submitting valerate of potas- 
sium to electrolysis he decomposed the valeric acid (HC^H,^?,) 
which it contains, and succeeded in obtaining from it a new sub- 
stance, valyl ((7,H^)a, (or more properly tetryl) ; a new ether, 
(CgHjaCh tetrylic ether ^ and a hydrocarbon \uji^^ apparently 
identical with oil-gas : and by a similar process from acetic 
acid (HC^aHjO^) he obtained methyl ((7H,)„ the homologue of 
tetryl. Particular interest is attached to these researches, owing 
to tne circumstance that in each case the compounds obtained by 
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the electrolysis belong to a series related to an alcohol different 
from that which was submitted to decomposition. The valeric 
acid thus yields an ^ether of the tetrylic series ; and acetic acid, 
which is a derivative of wine- alcohol furnishes the hydrocarbon 
which belongs to the wood-spirit series. 

(290) Nascent State of Bodies. — It is obvious, from the power- 
ful effect which oxygen produces at the moment of its liberation 
from compounds during electrolytic decomposition, that such 
oxygen must be in a condition very different from that in which 
it exists when once it has assumed the gaseous form. Oxygen is 
not insoluble in water, and it is therefore possible to bring it in 
small quantities at a time into chemical contact with salts or 
other bodies which water may hold in solution. Oxygen gas 
may, however, be transmitted for an ujilimited time tnrough a 
solution of chloride of potassium without effecting the conversion 
of any portion of the chloride into chlorate, or into perchlorate of 
potassium ; and yet, as has been mentioned in the foregoing para- 
graph, this change is easily effected by oxygen as it escapes during 
the electrolysis of an acidulated solution of the chloride of potas- 
sium. But it is not necessary that oxygen should be liberated by 
the agency of the voltaic battery in order that it should acquire 
this increase of activity. If hydrated protoxide of nickel, or prot- 
oxide of cobalt, be suspended in a solution of caustic potash, it 
will undergo no change when subjected to a cmTent of oxygen 
gas ; but if a current of chlorine be substituted for the oxygen, 
the whole of the metallic oxide will be converted into a brown 
sesquioxide : this change arises, from the action of the chlorine 
upon the potash, during which chloride of potassium is formed 
wKilst oxygen is set free, and at the moment of its liberation 
attaches itself to the oxide of nickel or of cobalt ; 2KH(?+01,-|- 
2(iV^iC>,H,C>)==2Kqi-fiV^i,0,,3H;,a Other substances besides 
oxygen exhibit this peculiarity, and chemists have lone recog- 
nized the fact, that bodies, when in this nascent state — ^tSat is to 
say when in the act of liberation from other substances — display 
more energetic attractions than they show when once obtain^ 
in the isolated form : — For example cyanogen and chlorine do 
not enter directly into combination ; but if cyanogen at the 
instant that it is set free from another compound, be presented 
to chlorine, the two bodies combine ; so that if moist cyanide of 
mercury be decomposed by means of chlorine, chloride of cyano- 
gen may be obtained : the chlorine removes the mercury step by 
step, and the cyanogen at the moment of its liberation enters into 
combination with another portion of chlorine. In a similar man- 
ner sulphur, when set free from an alkaline persulphide in the 
midst of a solution of hydrochloric acid, combines with hydrogen, 
and forms persulphide of hydrogen, KA + 2HC1=HA + 2KC1, 
the chlorine taking the potassium, whilst the sulphur and the 
hydrogen, both in the nascent state, unite to form a new com- 
pound, although their chemical attraction is so slight that this 
compound separates spontaneously into sulphuretted hydrogen 
and free sulphur. The process of double decomposition is par- 
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ticularly applicable in cases where the mutual attraction of the 
bodies which it is desired to obtain in combination is compara- 
tively feeble. It is not impossible that this superior chemical 
activity of bodies in the nascent state may arise from the fact that 
their particles are individually electrified at th'e moment of their 
separation from a previous state of combination ; and that in this 
condition they may exert upon the particles of dissimilar con- 
tiguous matter, a force of induction which may be the agent that 
determines their chemical combination : if by a process of double 
decomposition the particles of both compounds were oppositely 
electrified, combination might be expected to be proportionately 
facilitated : — ^For instance, if a solution of sulphide of potassium 
and one of chloride of copper be mixed, they will decompose 
each other, the sulphur being negative, will tend to combine 
with the positive copper, and the positive potassium will unite 
with the negative chlorine. If the brackets in No. 1 represent 
the mode in which the molecules are arranged on the instant of 
niixture previous to decomposition, those in N o. 2 will illustrate 
the arrangement of the molecules after mutual decomposition 
has been effected : — 

(^291) Theory of the Electrical Origin oj- Chemical Ati/r action, 
— ^It has already been remarked (245, 257) that whenever two dis- 
similar substances, electrically insulated, are brought into contact, 
and are separated from each other, disturbances of their electrical 
equilibrium is produced ; one of the bodies becoming negatively 
electrified whilst the other indicates a corresponding charge of 
positive electricity. It is a well ascertained fact, that certain 
substances, by friction, acquire one kind of electricity more readily 
than the other ; thus, for example, sulphur, when rubbed upon 
flannel or fur, becomes negatively electric, whilst glass, on the 
other hand, most readily assumes the positive state. What has 
been proved to occur when masses of matter are brought into 
contact was sui)posed by Davy {Phil, Tram,^ 1807) to happen 
also when the molecules of two dissimilar substances are brought 
within the sphere of mutual activity ; he assumed * that chemical 
and electrical attractions depend upon the same cause, acting 
in one case on particles, in the other on masses of matter ' {Phu. 
Tram,^ 1826, p. 389) ; and all the phenomena of chemical attrac- 
tion have been referred to the exertion of mutual electrical 
attraction between the atoms of each substance in the com- 
pound. When, for example, chlorine and potassium are united, 
it is supposed that each atom of chlorine, by contact with an 
atom of potassium, becomes negatively electrified, whilst the 
potassium becomes positively excited ; a certain portion, of the 
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positive electricity from the chlorine uniting with a correspond- 
ing amoxmt of negative electricity which is liberated from the 
potassium, thus producing the light and heat which attends the 
combination of these two bodies (Berzelius). V^Supposinff each 
atoST of both kinds of matter to be associated with equal quan- 
tities of both electricities, and that the two diflferent electricities 
be represented by the signs + and — , we may represent the 
potassium and chlorine by symbols ; (— K -h J indicating an atom 
of potassium, and (— CI -f) an atom of chlonne. As soon as the 
two bodies are brought into contact, it is supposed that the chlo- 
rine loses a certain amount of positive electricity, whilst the po- 
tassium loses an equal quantity of negative electricity, the change 
being symbolized thus (-hKCl— ) and (H — ). When the chlo- 
ride of potassium is decomposed, electrolytically, a quantity of 

Eositive electricity is transferred from the positive wire of the 
attery to the chlorine, and compensates for that which it has 
lost ; and when this amount of electricity has been restored, the 
chlorine no longer has any tendency to remain in combination 
with the potassium, and hence it is set free upon the positive plate, 
whilst a simultaneous transfer of negative electricity to the potas- 
sium occurs from the negative plate and the alkaline metal is 
therefore liberated upon the negative side of the arrangement. 
The electricity which is set free by the battery is supplied bv the 
action of the sulpliion upon the zinc, in the cells of which the 
battery consists. 

The remarkable law discovered by Faraday, that the same 
current of electricity when transmitted successively through 
various electrolytes, decomposes each in the proportion of their 
respective chemical equivalents (282, 4) adds greatly to the pro- 
bability of the supposition that electrical and chemical pheno- 
mena are due to different manifestations of the same agent. So 
strong was Daniell's. conviction upon this point, that he applied 
the term current affinity to the voltaic current ; since by means of 
the proper application of conductors, or channels for the force, the 
chemical attraction of a portion of zinc and sulphuric acid at one 
point could be transferred to a distant spot, and could there be 
made to effect an equivalent amount of chemical decomposition 
upon a different compound. The chemical equivalent of any sub- 
stance upon the electro-chemical theory, is that quantity oi each 
body which is associated with an amount of electricity equal to 
that associated with a^given weight of some substance, such as 
hydrogen, which is selected as the standard of comparison ; the 
proportion of electricity which is associated with a given weight 
of any substance being inversely as its combining proportion. 
Assuming the specific electricity of hydrogen to be represented 
by the arbitrary number 1000, the following is given by Daniell 
{introd, to Chem, Phil. 2nd Ed. p. 687) as an approximative table 
of the speciiiG dectriGity (or quantity of electricity associated with 
equal weights) of a few of the more important elements and com- 
pounds : — 
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Cathlons 


Equiva- 

lent 


Specific 
Electricity. 




1.0 


1000 




39-2 


25 




23-3 


43 




32-6 


81 




31-6 


31 




II'O 


58 




41-2 


21 




81-3 


32 




28*6 


86 



Anions. 



'Equiva- 
lent. 



Oxygen I 8-0 

Chlorine 35*5 

Iodine ! 126-0 

Bromine I T8-8 

Fluorine > 18*7 

26-0 
40-0 
54-0 
76-6 



Cyanogen . 
Sulphuric Acid . 

Nitric Acid 

Chloric Acid 



Specific 
Electricity. 



125 
27 
8 

12 
65 
38 
25 
18 
18 



Ingenious, however, as is the electrical theory of chemical at 
traction, it must be admitted that it is far from being free from 
objection and difficulty when it is attempted to apply it to all 
cases of chemical action. It has been already stated that a very 
large number of bodies exist which are not susceptible of electro 
lysis.* I' Indeed, the chief classes of electrolytes are : 1, binary 
compounds of the non-metallic elements with the metals, such as 
the oxides, chlorides, iodides, bromides, and fluorides ; 2, com- 
pounds of bodies like cyanogen with the metals, such as the 
cyanides and the sulphocyanides ; and 3, compounds of the 
metals with the radicles of the oxyacids, such as the nitrates, 
sulphates, borates, carbonates, acetates, tartrates, &c. Now, so 
long as a compound consists of two elements only, if it be decom- 
posed at all, there is no difficulty in anticipating the result of the 
voltaic action ; — the electro-negative element will appear at the 
zincode, and the electro-positive element at the platinode ; yet 
there are binary compounds which are not electrolysable, such; 
for instance, as pure water, and chloride of sulphur. If their 
particles be united by electric opposition, why should they not 
yield to the current ? In the case of more complex bodies, such, 
for example, as nitrate of silver, or borate of lead, it is not possi- 
ble, dprtorij to say how the compound would yield under thb 
electric influence. It is quite clear in the case of salt, that tlio 
power which holds together the two ions of the salt ^in the form 
of two iso-electric groups (or groups of equal electric energy), 
must be of a diflFerent order from that which holds the elementa 
of its component ions in combination. The tie which binds 
together nitrate of silver as Ag,N<?3, must be of an order diflferent 
from that which unites the elements oi nitrion (N"<?g) together. 
Sulphate of sodium, again, as an electrolyte is separated into Na.^ 
and SO^. But neither nitrion nor sulphion can exist in the sepa- 
rate form ; how can they become associated under electric innu 
ence ? Ag&in, {80^ sulphuric anhydride, is not an electrolyte 
when ftised : the same thing may be said of /used boracic anhy- 
dride; and examples of this kind might be multiplied almost 

* A very numerous series of Grove*s battery, amounting to 900, and in some instances 
even to 950 pairs, produced in the experiments of Lapochiu and Tichanowitsch no eflfect 
on absolute alcohol, ether, valeric acid, oil of turpentine, bisulphide of carbon, and fused 
boracic anhydride ; fousel-oil was scarcely acted on. 
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without limit. Why, if chemipal attraction be due to the exer- 
tion of electric action, should certain bodies be readily decom- 
posable by the voltaic current, and why should others of less 
complex composition resist it entirely ? At present, no hint ap- 
pears to have been given which offers any clue to the solution of 
these questions. 

Practical AjppUcaMons of Electrolytic Action. 

(292) Electrotype^ Yoltatype^ or Gdlmam^PlaatioB. — Shortly 
after Daniell had invented his constant battery, he observed that 
when copper was deposited upon a plate of platinum, it furnished 
a coherent sheet in which the lines and irregularities on the sur- 
face of the platinum were faithfully reproduced upon the deposit- 
ed copper ; but he made no practical application o f. the obseryar 
tion. f in the year 1839, Jacobi, of St. Petersburg, announc^T" 
that he had discovered a method of making exact copies of a 
metallic surface in copper by means of the voltaic battery, and 
shortly afterwards Messrs. Spencer and Jordan, who had each 
indcDendently arrived at a similar result, published the methods 
which they had employed for the attainment of this object. The 
processes thus disclosed were so simple and easy of execution, 
that they were immediately repeated with success ; and in the 
following year Mr. Elkington in England, and M. Ruolz in 
France, began to apply the voltaic battery on an extensive scale 
to the arts of plating and gilding!] Since this period the voltaic 
battery has been most eirtensively employed as a means of de- 
positing not only copper, gold, and silver from their solutions, 
but zinc, tin, and lead, and occasionally platinum and nick^l : 
many other metals have also, for particular purposes, been re- 
duced from their salts by its means. 

For the deposition of metallic copper, a solution of the sul- 
phate of this metal is employed, but the mode of using it varies 
with the object in view. Suppose that it be desired to obtain a 
copy of an engraved copper plate : a wire or slip of copper hav- 
ing been soldered to the plate for the purpose of facilitating its 
connexion with the battery, the back of the plate is covered with 
a resinous varnish, by which means this surmce is electrically in- 
sulated from the solution, and it is thus protected from any de- 
posit of reduced metal. The plate thus prepared is connected 
with the negative electrode of a voltaic battery, consisting of 3 
or 4 of Smee's or Darnell's cells, and immersed vertically in a 
bath consisting of a saturated solution of sulphate of copper. A 
sheet of copper, equal in size to the one to be copied, is suspend- 
ed parallel to the latter in the liquid, and connected with the 
positive electrode of the battery; an immediate decomposition 
of the solution ensues ; metallic copper is deposited upon the en- 
tire surface of the negative plate, in the form of a coherent, con- 
tinuous sheet, and a nearly corresponding amount of copper is 
dissolved from the positive plate, so that the liquid remains con- 
stantly charged with a quantity of sulphate of copper, approxi-, 
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mativelv equal to that originally employed. At the commence- 
ment of the operation, care must be taken to ascertain that the 
deposit occurs uniformly over the whole surface of the negative 
plate, for if any portion of it be soiled by grease or resinous mat- 
ter, the copper will not be thrown down upon those parts : when 
once the deposition has commenced uniformly, it goes on without 
difficulty. If the plates be suspended vertically, the solution 
should be frequently agitated, for unless this precaution be taken, 
the liquid around the negative plate becomes impoverished, whilst 
that ai'ound the positive plate becomes unduly saturated with 
the copper salt (287) ; currents are then produced in the liquid, 
owing to its unequal density, and they occasion the formation of 
vertical grooves and striae upon the back of the sheet of deposited 
metal. This inconvenience is sometimes obviated by supporting 
the two plates in the bath in a horizontal position, the negative 
plate being undermost ; the positive plate must in this case be 
enveloped in flannel, in order to prevent the small particles of 
metal, which are constantly being detached from it, from falling 
upon the lower plate, and interfering with the regularity of the 
deposition. 

The deposit varies in hardness and coherence according to the 
number of cells employed in the battery, the relative size of the 
plates of the battery and those of the depositing cell, and the 
temperature and degree of concentration of the solution. The 
more slowly the action takes place, if the solution be concen- 
trated, the harder and more crystalline is the deposit. By modi- 
fying the power of the battery, and the strength of the solution, - 
in the manner which experience soon indicates, copper may bo 
obtained of any desired degree of toughness. 

When the deposit has acquired the necessary thickness, it 
must be detached at its edges from the original plate, and can 
then be stripped off without difficulty. The thin film of oxide, 
or of other adhering impurity, derived from the exposure even of 
a freshly deposited copper plate to the air for a few hours, is 
sufficient to prevent too intimate an adhesion between the plate 
and the deposit. In the electrotype thus obtained, the lines 
which are cut away upon the surface of the original plate are 
represented in relief in the copy, and if a fac-simile of the en- 
graving be desired, a new deposit must be formed upon the copy 
mus procured ; in this second transfer, an exact duplicate of the 
original engraving will be presented. Many large and valuable 
copper plates, amongst which are some of those engraved for the 
Art Union, have been thus multiplied with success. So faithfiiUy 
does the deposit reproduce all irregularities upon the surface of 
the matrix on which it is deposited, that bj its means copies of 
daguerreotype plates have been obtained, m which the original 
design is accurately transferred to the deposit of copper, without 
destroying the original impression. 

(293) Preparation of if oulda for Electrotyping. — In copying 
medals or other works of art, it is frequently necessary to employ 
casts of the objects, instead of the original objects themselves, 
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which might be liable to injury by immersion in the metallic 
solution. These casts may be made in fusible metal, or in 
stearine, in plaster, or gutta perch a. Gore {PJiarm. Journal^ 
July, 1855) recommends a mixture of 2 parts of gutta percha and 
1 part of marine glue ; the materials are to be cut up, and the 
glue melted at a gentle heat and incorporated with the gutta 
percha. The paste is to be applied while soft, with a pressure 
gradually increasing, to the surface of the medal, or other object 
which it is desired to copy. In certain cases an impression of 
the object to be copied is obtained in sheet lead by tne applica- 
tion of strong pressure. In every instance before proceeding to 
effect the metallic deposition, the back of the mould, if made of 
metal, or of a conductor of electricity, must be coated with a 
resinous varnish, or with some non-conducting matter. When 
moulds of plaster of Paris are employed, they must be rendered 
impervious to moisture by immersion in melted wax or tallow ; 
after which the surface to be copied is endued with the power of 
conducting electricity, by applying finely-powdered black-lead, 
of good quality, to the surface by means of a brush ; takings care 
that every portion of the surface to be copied is completely coat- 
ed by it. The cast is then connected with the negative wire of 
the battery by means of a strip of sheet lead, or a copper wire, 
which is in electric contact with some portion of the black-lead 
surface. Impressions of seals in sealing-wax, stamps in relief 
upon pasteboard or paper, and the engraved blocks used for 
wood-cuts, after they nave been thus rendered conductors upon 
the surface, may be electrotyped with facility. Even glass may 
be rendered a conductor by the use of one of the methods of de- 
positing silver upon its surface. Leaves, flowers, fruits, and in- 
sects have also been coated with copper, or with silver, by the 
electrotype process. A mode of proaucing a conducting surface 
upon these articles, due to Capt. Ibbetson, consists in immersing 
them in a weak solution of phosphorus, either in bisulphide of 
Carbon or in ether, allowing the solvent to evaporate from the 
surface, and then plunging Sie objects into a solution of nitrate 
of silver; the phosphorus left upon the surface reduces a very 
thin film of silver upon the superficial portions of the objects, 
suflScient to enable them to receive the deposit from the batteir, 
if they be properly connected with the negative wire, and suo- 
mitted in a metallic bath to the action of the electric current. 
Steel plates cannot be copied by immersing them in a bath of 
sulphate of copper, because the steel and the sulphate act chemi- 
cally on each other, and thus the engraving would be destroyed, 
^his diflSculty has been overcome by electrotyping them first in 
Silver, which can be deposited upon the steel without injury, and 
upon this silver matrix a copper fac-simile of the original plate 
can afterwards be obtained. 

For the electrotyping of small objects, such as coins or medals, 
it is not necessary to use a separate voltaic battery, since the 
d^Bpositing cell itself may, in the following manner, be converted 
into a voltaic couple of suflScient power to decompose the sulphate 
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of copper : — Let a glass cylinder, such as the chimney of an 
argand gas-burner, be closed below by a plug of plaster of Paris, 
and be supported in a vessel containing a solution of sulphate of 
copper, in which the mould or the medal to be copied is support- 
ed by a metallic wire ; let the inner tube be tilled with sulphuric 
acid diluted with 10 or 12 times its bulk of water, and let an 
amalgamated zinc rod be placed in its axis. If this zinc rod be 
connected with the wire proceeding from the mould of the medal 
to be electrotyped, copper will be deposited upon the surface of 
the mould. The apparatus in fact constitutes a cell of Daniell's 
battery, with a triniu^ modification in its form. The solution of ' 
copper should be maintained uniformly saturated with sulphate 
of copper, by suspending crystals of the salt in the upper p$irt bf 
the hquid. 

(294) Electro-zmcmg, — Zinc may be deposited . from its sul- 
phate on the surface of iron, by processes similar to those used 
for sulphate of copper. The operation requires but a feeble cur- 
rent, and admits or being performed upon a very large scale : the 
iron links of the Hungerford suspension bridge, which were 

?>assed into the abutments on the side of the river, were succesji- 
idly submitted to this operation ; each of those links is 24 feet 
in len^h, and of proportionate width. 

It is not possible, however, to obtain coherent plates of all 
the metals with the same facility as is the case with copper and 
zinc. Many of the metals are thrown down from their solu- 
tions in a crystalline form, whether the deposition be eifected 
rapidly or slowly.* |^ilver is separated thus from its nitrate, and 
lead exhibits a similar deportment when the acetate or the 
nitrate of this metal is electrolysed. Gold and platinum do not 
give coherent plates when solutions of the chlorides of tliefse 
metals are submitted to voltaic deposition. Lead may be 
deposited upon iron from a solution of oxide of lead in potash ; 
and a solution of oxide of tin in potash may be used to obtain 
coherent plates of tin by electrolysis. In like manner ammonia- 
cal solutions of the salts of cobalt and nickel may be employed to 
Aimish electrotype plates of these metals. In some cases, how- 
•ever, when a simple salt fails to give a satisfactory result, the 
effect may be obtained by the employment of certain double salts 
of the same metal with potassium or with sodium : thus the 
double cyanide of gold and potassium is largely employed for gild- 
ing, and the coirc^onding salt of silver is extensively used in 
electro-silveringj InTgilding, silvering, and zincing, one great 
desideratum is to obtain a firm adherence between the newly 
deposited metal and the object to be gilt or plated ; the Surface 
of the metallic object is therefore first rendered chemicaUy clean, 
a result which is carefully avoided in the process of electrotyp-. 
ing. In the latter case it is usual to expose the object, if freshly 

S (dished, to the atmosphere for 24 hours before placing it in the 
epositing cell, in order to prevent permanent adhesion. 

(295) . Electro-Plalmg — ^The metals upon which an adher^ent 
coating of silver is most readily deposited are brass, copper, 
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bronze, and German silver ; but it may also be effected on steel 
The articles to be plated are cleansed from adhering greasy 
matters either by boiling them in a weak alkaline solution, and 
then washing ; or they are heated to low redness in a muffle : 
in either case they are next dipped into diluted nitric acid for the 
purpose of removing any adhering film of oxide. They are then 
brushed with a hard brush and some sand ; and having been 
rinsed from adhering impurities, and separately attached to a 
dean copper wire, they are again dipped for an instant into nitric 
acid, washed, and immersed whilst still wet in the silvering bath. 
Let fig. 228 represent a plan of this bath, and o z the voltaic 
battery ; the copper wires attached to the arti- 
Fio. 228. cles to be plated are twisted round the rods p 
p p, which are connected with the negative 
wire of the battery, whilst the positive wire is 
connected with a series of silver plates, z z z, 
which are also immersed in the silvering h- 
quid. This solution is commonly prepared by 
dissolving cyanide of silver in a solution either 
of cyanide or of ferro-cyanide of potassium. 
Solutions containing hyposulphite or sulphite 
of silver are occasionally employed. In order 
to prepare the silvering bath, a solution of ni- 
trate of silver may be precipitated by the ad- 
dition of cyanide of potsissium so long as it 
produces a precipitate : this precipitate, after 
having been washed by decantation, is dis- 
solved in a solution of cyanide of potassium. 
An excess of cyanide of potassium is requisite ; at least 3 parts of 
cj^anide of potassium being employed for 1 part of cyanide of 
silver.* A solution which contains j\ of its weight of silver is 
found to be of a convenient strength for ordinary operations. 
When cyanide of potassium is used in the bath as a solvent, the 
solution gradually becomes alkaline from the formation of car- 
bonate of potassium, which accumulates in the liquid and inter- 
feres with the regularity of the decomposition : but if cyanide of 
calcium be substituted for the cyanide of potassium, this incon- 
venience is obviated, since carbonate of calcium is formed, and 
owing to its insolubility, it sinks to the bottom of the bath as 
fast as it is produced. The articles when plated have a dead 
white or chalky surface, but they may be burnished by pressure 
if desired, and they then assume the brilliant lustre of polished 
silver. It is remarkable that the addition of a very small pro- 
portion of bisulphide of carbon to the bath causes the deposited 
sUver to assume the lustre of the polished metal.f The amount 



* If ferrocyanide of potassium be used as a solvent of the cyanide of silver, 10 parts 
of this salt are required for the solution of 1 part of cyanide of silver. 

f In order to effect this object, 6 ounces of bisulphide of carbon are directed to be 
agitated with 1 gallon of the platmg liquid, and set aside for 24 hours. Two ounces of 
Lie liquid thus obtained, are to be added over night to 20 gallons of the ordinary platang 
liquid ; the bath is ready for use next morning. This addition of the solution of the 
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of silver whieli is deposited can be regulated very accurately by 
weighing the articles before immersion, and weighing them again 
afterwards. A deposit of from IJ ounce to 1^ ounce of silver to 
a square foot of the plated surface answers well in practice ; the 
sheet of silver under these circumstances being of about the 
thickness of ordinary writing paper. The solution must be fre- 
quently stirred in order to preserve the liquid of uniform density 
and composition throughout. 

The batteries used at Birmingham for gilding and silvering 
are in general simply plates of amalgamated zinc opposed to 
plates of copper in diluted sulphuric acid : the plates are so ar- 
ranged that tney can be readily raised or lowerea in order to ex- 
pose a smaller or larger surface to the action of the acid. The 
superficial area, and number of the plates used, are made to vary 
according to the size and nature of the objects to be operated 
upon. The workman judges from experience as to the number of 
pairs to be employed ; it seldom happens that more than two or 
three pairs of plates are needed. In raris, Bunsen's carbon and 
zinc batteries are also employed with success in these operations. 

(296) Elec^o-CHldmg and Platmizmg, — It is possible to gild 
most of the ordinary metals by voltaic action. Articles which 
consist of brass, bronze^ copper, or German silver are first an- 
nealed, then jcnclded, as the operation of immersing them into the 
mixture of diluted nitric and sulphuric acids is termed, after 
which they are scrubbed and " dipped " in strong nitric acid, and 
then rinsed in water, as is practisea in preparing them for plat- 
ing. Silver articles are cleansed in a similar manner, but they do 
not require to be " dipped." Iron and steel may be gilt by cleans- 
ing them from grease, first with potash, tod then by dipping in 
nitric acid, and scouring the surface with burnt clay finely sifted, 
in order to remove the black stains produced by the liberation 
of carbon. A more powerful current is required for gilding upon 
iron than upon the metals previously mentioned. 

The gilding bath most usually employed consists of cyanide 
of gold dissolved in cyanide of potassium, i It may be prepared 
by dissolving gold in aqua regia, and adding cyanide of potas- 
sium to the diluted liquid so long as it produces a precipitate ; a 
brisk eifervescence accompanies the action, and a yellow deposit 
of protocyanide of gold (AuCy) is formed : the clear liquid is de- 
canted, and the precipitate is redissolved in a solution containing 
between 7 and 8 parts of the cyanide of potassium to 1 part of 
gold : the solution is then diluted until 100 parts of the liquid 
contain 1 part of gold. 

M. Rnolz has shown that various other gilding baths may be 
used instead of the double cyanide of gold and potassium : for 
example, he finds that the cyanide of gold may be employed 
when brought into solution by the ferrocyanide, or by the ferri- 
# 

bisulphide reqvdres to be renewed daily, to make up for the loss of the bisulphide of 
carbon by evaporation. Much care is required in the use of such a solution, for it is 
liable to changes which are produced by very slight modifications in the mode of 
worldng. 
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cjanide of potassium ; he has also used with success the double 
sulphite of gold and sodium, the solution of the double chloride 
or iodide of gold and sodium with an excess of soda, and even 
the sulphide of gold dissolved in a solution of protosulphide of 
potassium. 

As yet the deposition of platinum by voltaic action has not been 
practised to any considerable extent, but it is said that a solution 
of the double chloride of platinum and potassium in caustic 
potash may be applied to this purpose with tolerable success. 

(297) Besemhlances tetwem the ^electricity of the Machine cmd 
that of the Voltaic battery. — Notwithstanding the extremeljr 
brief duration of the discharge from the electrical machine, it 
produces, while it lasts, phenomena similar to those of the voltaic 
current, which, indeed, may be regarded as a succession of dis- 
charges repeated so frequently as to become continuous. By 
repeating tne discharge from the electrical machine many times 
through the same liquid conductor, Faraday was enabled to ob- 
tain true electrolytic decompositionj The following simple ex- 
periment may be adduced as an illustration of this fact : — Upon a 
plate of fflass place a small piece of turmeric-paper, moistened 
with a solution of iodide of potassium which has been mixed with 
a little starch ; upon one end of this piece of paper allow the 

Eoint of a fine platinum wire to rest, the other end of the wire 
eing in communication with the prime conductor of the machine ; 
on the other extremity of the paper place a similar wire in com- 
munication with the earth: it will be found on setting the 
machine in action that, after the lapse of one or two minutes, a 
small blue spot will appear round the point of the wire connected 
with the prime conductor, owing to the liberation of iodine; 
while round the wire which communicates with the earth a 
brown spot will be formed, from the action of the alkali which is 
set free. If the wires, instead of being connected through the 
medium of iodide of potassium be made to dip into a drop of a 
solution of sulphate of copper, metallic copper will be deposited 
on the wire connected witn the earth, and oxygen and sulphuric 
acid will appear on the other wire. If a piece of litmus or 
turmeric-paper, moistened with a solution of sulphate of sodium, 
be supported on a thread of glass between two wires, one of 
which proceeds from the prime conductor, whilst the other is in 
communication with the earth, the saline solution in the paper 
will be decomposed by the electricity, even although the paper 
does not touch either of the wires : the litmus-paper on the side 
towards the prime conductor will gradually be reddened, whilst 
the turmeric-paper will be turned brown at the extremity which 
is furthest from the prime conductor. 

Th6 quantity of electricity which is required to produce 
chemical decomposition is very great. ^Tlie fact is strikingly 
illustrated by a comparison which was made by Faraday between 
tlio amount of electricity which is developed from the machine 
hy friction and that which is furnished by the chemical action of 
the battery. The experiment was performed in the following 
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manner : — A wire of platinum and another wire of zinc, each 
Yj of an inch in diameter, were immersed yV of an inch apart, to 
a depth of f of an inch in an extremely dilute acid liquid, pre- 
pared by adding a single drop of oil of vitriol to four ounces of 
water. The current oDtained from this combination, at a tem- 
perature of 60° F., was transn^itted through the coil of a galva- 
nometer consisting of 18 feet of copper wire j\ of an inch thick. 
It produced in about three seconds as great a deviation of the 
needle as was obtained by the electricity furnished by thirty turns 
of a powerful plate-macnine in excellent action. This quantity, 
if concentrated within a space of time constituting only a minute 
fraction of a second, by discharging it in a single flash from a 
Leyden battery, exposing 3500 square inches of coated surface, 
would have been sufficient, to kill a small animal, such as a cat 
or a rat ; but the chemical action upom the zinc by which it was 
produced was so trifling as to be quite inappreciable ; and it is 
estimated by Faraday that not less than 800,000 discharges, each 
equal in quantity to this, would be required for tlie decomposition 
of a single grain of water ! Extraordinary as this estimate ap- 
pears, it has been amply confirmed by later experiments of Bec- 
qnerel upon this subject |^hd from the experiments of WeKer. 
it may be calculated thaf7if the whole of the positive electricity 
required to decompose a ffrain of water were accumulated upon a 
cloud 1000 metres (3281 feet) above the surface of the earth, the 
attractive force exerted between the cloud and the portion of 
earth beneath it would be equal to 1497 tons I 

(298) DduG^s Dry Pile. — ^The relation between the electricity 
of the voltaic battery and that of the ordinary electrical machine 
admits of being traced in an interesting manner by interinediato 
steps. Deluc, soon after the discovery of the voltaic pile, con- 
trived what he termed the dry pile. It may be constructed in 
the following manner : — Take a number of sheets of paper, one 
surface of \vhich has been coated with gold or silver leaf, and 

f)aste upon the coated surface a sheet of zinc foil ; when sufficient- 
y dry, place several of these sheets of paper one over another, 
the zinc faces all being arranged in one direction ; then cut out,, 
with a punch, a number of circular disks, and arrange them in a 
glass tube, the diamtiter of which is rather greater than that of 
the circular disks of paper, to the number of 2000 or upwards, 
taking care that all the zinc surfaces are in one direction, and all 
the silvered or gilt surfaces in the opposite direction. A pile 
analogous to Volta's will thus be obtained ; and if these disks bo 
pressed together and connected at each end with a metallic wire, 
such a pile will cause divergence of the leaves of the gold-leaf 
electroscope when one extremity of it is made to touch the /;ap 
of the instrument, whilst the other end is connected with the 
earth, either through the human body or by means of any other 
conductor. If the pile be reversed, and then presented to the 
Btill diverging electroscope, the leaves will first collapse, and will 
then immediately open with the opposite kind of electricity. In- 
deed, if the wires attached to the two extremities of tlie pile be 
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bent round and made each to terminate in a small metallic disk: 
the two disks being placed at a distance of about an inch and a 
half from each other, care being taken to maintain their insula- 
tion, an insulated filip of gold leaf suspended midway between the 
two disks will oscillate backwards and forwards between them, 
if an impulse be first given to it towards either side : — suppose it 
to approach the positive plate, it acquires a positive charge ; it 
is then repelled from the positive plate, but it is attracted by the 
negative plate, when it gives up its positive charge and becomes 
negatively electrified, in which state it is again attracted by the 
positive plate ; this alternate movement of the gold leaf will con- 
tinue uninterruj)tedly for months or even years.* With a dry 
pile, which contained 20,000 pairs, or disks, of zinc and silver 
paper, sparks have been obtained, and .a Leyden battery has been 
charged sufliciently to produce shocks. It is worthy of remark, 
that these actions are produced in Deluc's column only when the 
paper contains that amount of moisture which is foujid in it under 
ordinary circumstances, and which is considerable, although it 
usually passes unnoticed. If the paper be artificially dried, the 
pile loses. its activity, but again recovers its energy as the pap^ 
reabsorbs moisture from the air. Provided that the two extremi- 
ties of the pile be insulated from each other, it will retain its ac- 
tivity unimpaired for years ; but if the ends be permanently con- 
nected by means of a good conductor, the zinc becomes graduiJly 
oxidized, and the electrical effects disappear. 

Zaraboni obtains a more effective mstrument by substituting 
finely-powdered peroxide of manganese for the gold or silver lea? 
One surface of the paper is coated with zinc or tin-foil, and the 
coating of peroxide may be given to the other surface either by 
rubbing it on in a dry state, or by applying it in admixture with 
water to which a little honey has been added. The paper disks 
are arranged in a column, and are terminated at either extremity 
by a metallic plate. These metallic plates are made to compress 
the paper disks by means of ligatures of silk which pass from end 
ta end of the pile and bind the disks firmly together ; whilst 
effectual insulation is-provided for by giving the pile a non-con- 
ducting coat of sulphur, which is easily applied by a momentary 
immersion of the whole instrument in a batn of melted sulphur. 

(299) Water Battery.— It has been already stated (259) that 
even with a single pair of zinc and copper plates excited by di- 
luted acid, polarization and electric tension may be proved to 
precede the voltaic current, though the experiment is one of' con- 
siderable delicacy. These effects of tension are strikingly exhib- 
ited in the case of Deluc's pile ; but they may be shown in a 
manner still more decided by employing a numerous series of 

* Bohnenberger has contrived an extremely sensitive electroscope, which depends 
apon a modification of this experiment. Midway between the two insulated terminating 
disks of Deluc*s pile, he suspends a smgle strip of gold leaf by a metallic wire from an 
insulated plate of metal ; this gold leaf, however, is not near enough to either disk to 
touch it. If a body with the feeblest dectrical charge is made to touch the insulated 
plate, the gold leaf becomes electric, and is attracted towards the oppositely electrified 
pole of the pile. 
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alternations of zinc and copper, eacli of which need expose only 
a very small surface, and may be excited simply with distilled 
water. Snch an arrangement or water hattery^ consisting of a 
thousand couples, produces, if insulated, and connected at each 
of its extremities with a gold-leaf electroscope, considerable di- 
vergence of the leaves of each instrument. Such a battery will 
communicate a charge to a Leyden battery : this charge, though 
it rises only to a small eirtent, may be renewed and aischarged 
for an indefinite number of times in very rapid succession. The 
wire which is connected with the last zinc plate of this battery is 
negative, whilst that which is attached to tne copper is positive. 

Gassiot {Phil. Tram.y 1844, p. 39) has given an accoimt of a 
verj powerful and carefully constructed watef battery, from 
which he obtains results of great interest. This battery was com- 
posed of 3520 pairs of copper and zinc plates, arranged in sepa- 
rate glass vessels, covered with a coating of lac varnish ; the 
glass cells were supported on slips of glass thickly coated on both 
sides with shell-lac, and these glass plates were insulated on var- 
nished oaken boards, each board being further insulated by rest- 
ing on thick plates of glass similarly varnished. All these pre- 
cautions were found by exp erience to be necessary in order to 
preserve the insulation. "Wnen the conducting wires of this bat- 
tery were brought within jV of an inch of each other, sparks were 
obtained, and when the wires were made to terminate in brass 
disks which were brought yqvj near each other, a rapid succession 
of sparks was maintained, which on one occasion continued with- 
out interruption for five weeks. A permanent deflection of the 

Galvanometer was obtained when this instrument was included in 
le circuit whilst the sparks were passing ; under similar circum- 
stances, paper moistened with iodide of potassium and included 
in the circuit, speedily gave indications of the chemical decompo- 
sition of the iodide. The chemical eflfects produced b^ the water 
battery are, however, always feeble, but thev are similar in kind 
and in direction to those which are obtained when acids are em- 
ployed as the exciting liqnid in the cells ; and the principal eflfect 
that would be obtained if diluted acid were substituted for water 
in such a combination would be an increase in the quantity of 
electricity, by increasing the consumption of zinc and the chemi- 
cal action in each cell in a given time. The intensity of the 
charge would be increased by the change of the exciting liquid, 
in proportion as the electro-motive force in each cell was aug- 
mented when compared with the resistance oflfered by the liquid 
employed in charging the battery. Neither in the water battery 
nor in any other form of battery is the intensity, as measured by 
its power of overcoming resistance to conduction, increased by 
iBicreasing the size of the plates. 

TTthus appears, 1. That by voltaic arrangements electricity 
may be obtained, exactly similar to that developed by the com- 
mon machine, in its eflPects of tension and induction towards sur- 
rounding objects, in the polar character of its action, and in the 
opposite nature of the electricities accumulated at the extremities 
29 
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of the apparatus. 2. That the quantity of electricity obtained by 
voltaic action is almost immeasurably greater than that procured 
by friction ; but that unless its intensity be exalted by using a 
very numerous series, it does not pass so readily through non-cou- 
ductors in the form of sparks, as the electricity of the common 
machine. 3. That, on the other band, by allowing the electricity 
of the machine to discharge itself gnAduallv through very smaU 
masses of imperfect liquid conductors which are susceptible of 
electrolysis, true electrolytic action may be produced. 

The identity of the two forces under these different d^reeB 
of intensity no longer admits of question : in the voltaic actioD 
the quantity is gi*eat, but the intensity is feeble ; whilst in the 
eleatricitv of the machine the reverse is the ease, the intensity is 
verj high, whilst the quantity is extremely small. 

^ . — ^ jy ^ Elbotro-Magnbtism. 

(300) Zaw ofFlectr(hMaffn£tioAct{ofi—Tang^ Chdmnameier. 
—The influence of an electric current upon a freely fuspendod 
magnetic needle has been already pointed out. (263), but it will 
be needful to examine the nature of the connexion between mag- 
netism and electricity somewhat mo^e closely. Mere eleetriei^ 
of tension, or electricity in a ^tarte ^ rest, has no influence i^fjo© 
a magnetized bar. It is only wh^a the electricity is in motion 
that this magnetic action is excited. It has already been ex- 

Slained (253) that the direction in Vhich a magnetic needle h 
eflected depends upon the direction of the current ; and it has 
been stated that when ihe needle points north and south, and a 
wire is placed parallel to the needle, if the cipTent flow from 
south to north above the naedle, the north end of the needle will 
move westward. The power which the wh-e exerts upon the 
needle is inversely as the distance of the wire from such needle. 

(301) For measuring the 
force of the current, '^va- 
nometers of various forms 
have been employed. | When 
tijc^owef IS extremely fee- 
ble, the astatic galvanometer 
(fig. 200,) is well adaj^ted to 
the purpose, but in this form 
the value of the angular de- 
viation requires to be experi- 
mentally determined for each 
instrument. When the cur- 
rent has a greater degree of 
power than can be conveni- 
ently estimated bv the asta- 
tic combination, the tangefni 
^ gdlvijmometer is frequently 
emploj^ed. This instrument 
IS simple, both in construction and in pnnciple. The conductor, 
Wy fig. 229, which is used for conveymg the current round the 
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needle, consists of a single coil of thick copper wire, bent into a 
circle of about one foot in diameter. It is supported vertically 
in a ^ small table, t ; the extremities of the wire, which are con- 
nected with the battery, are covered with silk, and pass vertically 
downwards, side by side, close to each other, for some inches ; 
they are thus situated in the same plane as the coil, and in the 
direction of a prolongation of its radius. The object of this ar- 
rangement is to prevent this portion of the wires from exerting 
any influence on the needle. Within the circle, a magnetic 
needle about an inch lon^ is suspended by fibres of unspun silk, 
0, over a copper plate graduated to degrees. In order to enable 
the movements of the needle to admit of more accurate measure- 
ment, its apparent length is increased by fastening a piece of fine 
copper wire to each end. This arrangement is protected from 
currents of air by means of a glass shade. The point of suspen- 
sion of the needle is made to coincide accurately with the centre 
of the circle formed by the conducting wire : at a is a screw for 
raising or lowering the needle. When the instrument is placed 
exactfy in the magnetic meridian, the needle, under the influence 
of the directive action of the earth's magnetism, assumes a posi- 
tion parallel to the diameter of the circle. On transmitting the 
current through the wire, the needle receives an impulse which, 
if it were free from the inductive action of the earth, would place 
it exactly at right angles to the coil : owing, however, to the in- 
fluence of the earth, the needle is unable ever really to assume 
this position ; but it takes one which represents the resultant of 
the two forces, and as the action of the earth may be assumed to 
be uniform, the measurement of the angle enables the force of 
the current which produces the deviation to be calculated. It 
maybe demonstrated that the force of the current is proportioned 
to the tangent of the angle of deviation. This instrument cannot 
be reKed on for angular deviations which much exceed 70°, owinff 
to thife rapidly diminishing angular deviation produced bjr equal 
increments in the force of the current when the deflection has 
reached this extent ; but for all currents which produce a devia- 
tion of smaller amount, it affords a convenient measure. Other 
forms of galvanometer have been contrived, which it will not be 
necessary to describe in this work. 

f302) InJI/uence of a Conducting Wire in ea^citing Magnetism. 
— ^The action of the conducting wire upon the magnetic needle is 
not interfered with by interposing a sneet of glass or other insu- 
lator of electricity, and the magnetic influence is equally trans- 
mitted, although a sheet of copper, of lead, or of any other non- 
magnetic metjSlic conductor of electricity be introduced between 
the needle and the wire. The electric current, however, produces 
no diver^nce of the leaves of an electroscope which is brought 
into its vicinity. Not only does a wire which is conve;png elec- 
tricity affect a needle which has been already magnetized, but 
the conducting wire itself, so long as it is transmitting the elec- 
tric current, displays magnetic properties. If a thin wire of 
copper, or of any otner non-magnetic metal, be employed to com- 
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plete the voltaic circuit, such a wire will, for the time, attract 
iron filings ; and the filings will be arranged in a layer of luiiform 
thickness around the whcSe circumference of Ihe wire, and along 
its whole length. The moment that the connexion with the bat- 
tery is broken, the magnetism ceases, and the filings fall off ; but 
the attractive power may be a^ain instantly renewed on com- 
pleting the circuit. The iron filings in this case become mag- 
nets, the poles of .which are arranged alternately north and soum 
around the wire. This arrangement may be better understood 
by reference to fig. 230, in which if w be supposed to represent 
a section of the wire which is transnutting a 
current from -|- to — , the north end of each 
fragment of iron would be arranged as repre- 
sented by the points, n, n, of the arrows. If 
short wires of soft iron be placed in the direc- 
tion of the arrows around the wii-e, they be- 
come temporary ma^ets, the north and south 
poles of whi(jh are mdicated by the letters n 
and 8. If pieces of steel be substituted for soft 
iron, they become permanently magnetic ; all 
those which are above the wire, if me current 
be passing In t1 e direction shown in the figure, will have their 
north ends to the left, whilst in all those below, the north ends 
will be to the right. 

(303) Formation of Electro-MagneU. — We see, then, that 
every part of the wire along which a current is passing is mag- 
netic. By coiling the conducting wire into a ring, a larger num- 
ber of particles is brought to act upon a piece of soft iron which 
is passed through the axis of the ring at right angles to the plane 
in which it lies ; and by coiling up the wire into a spiral tbrm, 
without allowing the spires to toucn each other, and supporting 
them upon a glass tube, the action of a very considerable lengt£ 
of wire may oe concentrated in a very effective manner upon the 
same piece of soft iron, placed as at <?, fig. 231. Very power- 
ful temporary magnets 
Fig. 281. may thus be obtained If 

the wire be covered with 
cotton, or, still better, with 
silk, to insulate the coils 
from each other, the effects 
may be greatly augmented 
by winding a second series 
of coils upon the first, and 
a third upon the second, and so on, till six or seven layers of wire 
are coiled around the bar which is to be magnetized. A row of 
coils which follows the direction of a left-handed screw would 
neutralize the effect produced by the right-handed spiral, unless 
the current were reversed in its direction as it passes through 
such a coil, as a glance at fig. 232 will show, where a represents 
a right-handed spiral, b, a left-handed spiral : in the straight por- 
tions of the wire, the current, as indicated by the arrows, flows 
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in the same dilution in both ; but it is reyereed in the spirids. 
Such a spiral coil of wire is usually termed a hMe. In prepar- 
ing an electro-maghetic 

ooil it is not necessary, Fie. 282. 



however, that the wire 
be coiled in one direc- 
tion only, if the wire be 
continuous ; for instance, 
if the coils follow the 
direction of the thread 
of a right-handed screw 
in the first layer, as in 
A B, fig. 231, tfie wire in 
winding it backwards 
from B to A will be 




formed into a left-hand- 
ed spiral, but this is of no conseq^uence, because the direction of 
the current is also reversed in this layer, being now from b to a, 
BO that the effect of the reversed twist of the wire is neutralized. 

A helix through which an electric current is passing is power- 
fulljr magnetic ; the two magnetic forces accumulating at its op- 
posite extremities. If the helix be supported with its axis in a 
vertical position, and a bar of soft iron be partially introduced 
within it, as soon as an electric current of sulficient power is 
transmitted through the coils, the bar will start up, and will raise 
itself in mid-air nearly equidistant between the two extremities 
of the coil, the iron, by induction, becoming for the time a pow- 
erftd magnet the poles of the iron bar are of course exactly the 
rev ^ scy of those of the helix by which its magnetism is produced. 

lie most powerful electro-magnets, however, are those in 
which the iron is bent into the form of a horse-shoe, and around 
which an insulating conducting wire is coiled in several layers, 
with due attention, to the direction in which the coils are ar- 
ranged. In thiB way magnets have been constructed, which are 
able to sustain a weight exceeding that of a ton. The magnetism 
developed in the soft iron, under the influence of the voltaic cur- 
rent, attains its maximum in a few moments. It ceases as quick- 
ly, when the contact of the wires with the battery is broken ; 
and, by reversing the direction of the current, the magnetic po- 
larity of the bar is instantly reversed. 

(304) Molecvlar MovermnU during the Magnetization of 
Bars. — ^The production of magnetism in a bar of iron, and the 
cessation of magnetism, 8 re both attended with molecular mo- 
tion, which pervades the whole mass of iron. Joule has shown 
that the bar, on becoming magnetic, acquires a slight increase in 
length, and suddenly contracts to its former dimensions when the 
magnetism ceases, tne elongation of the bar being proportional to 
the square of the intensity of the magnetism developed within it. 
It has been observed by Guillemin, that if an iron bar be sup- 
ported at one end so as to bend by its own weight, it becomes 
straightened to a greater or less extent when magnetized. Wer- 
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theim has also observed that the co-efficient of the elasticity Df 
both iron and steel is diminished by magnetization. Each tmie 
that the bar either becomes magnetic or loses its magnetism, a 
distinct sound is emitted, the note being similar to that elicited 
by striking one end of the bar so as to produce vibrations in a 
longitudinal direction. The molecular movements, if repeated in 
quick succession by rapidly making and breaking contact between 
tne ends of the hglix and me wires of the battery, so as repeated- 
ly and quickly to magnetize and demagnetize the bar, produce 
an elevation of temperature, which^ as Grove has shovm, is quite 
independent of the neat produced m the conducting wire by the 
current. In connexion with these molecular movements, it may 
be noted that Wiedemann finds when a current is transmittea 
along the axis of a magnet, the magnet suffers a slight d^reiB of 
twisting. 

(306). Laws of Electro-McLgnetimi. — According to the re- 
searches of Lenz and Jacobi, it appears that if the battery cur- 
rent be maintained of a uniform strength — 1. That the magnet- 
ism which is induced in any given bar is directly proportioned to 
the number of coils which act upon the bar : it is a matter of in- , 
• ftii P Nfi i e o whei&iiF'the coils be uniformly distributed over the 
whule ]i Tti^-tli of%ll« bar, or whether they be accumnlated towards 
its iDn^'^ extremities. 2. That the diameter of the coils which 
Bnrmii|||k t1i€ \m' does not influence the result, provided that the 
cui'jiHlH^I^ in all cases pf uniform strength ; fortnough the induc- 
ti is^ Mffitience decreases as the distance of the ma^et from the 
^nHnifa^ll^l^ by the increased leugm of the wire 

fl^PPRfnthUAMuiiUtt of the coil is augmented in precisely the 
4|^e proportion. 3. That the thickness of the wire composing 
fijl^il does not influence its effect upon the bar. 4. That the 
^ptergy of the magnetism is, coeteris paribm, proportioned to the 
strength of the current, being directly as the electct^otive force 
and inversely as the resistances of the circuit.* jf 6. That the re- 
ierttive power of the magnet, like the attractive power in electri- 
city, increases as the square of the intensity of the magnetism. 
6. That the intensity of the magnetism induced npon a solid bar 
by a given current is proportioned to the surface which the bar 
exposes ; or in cylindrical bars it is as the square of the weight.t 
Bundles of isolated wires expose a larger surface than a solid 
bar, and hence they are susceptible of a higher amount of mag- 
netism than a solid bar of equal weight. 7. That the employ- 
ment of long bars has no other advantage over the use of short 



* This increase of power, it must be obserred, only occurs up to a certain point, as 
there appears to be a limit to the amount of magnetic force which can be developed in 
iron, although the amount of electric action may be indefinitely increased. 

f Dub, however, confirms the observations of Miiller, which give a Afferent result, 
viz., that the intensity of the magnetism in cylindrical bars is, for equal currents in coils 
of equal number, proportioned to the square root of the diameter of the bar; the mag- 
netism developed in a bar 4 inches thick being twice as powerful as that produced in a 
bar of 1 inch in thickness ; so that the retentive power is directly proportioned to the 
diameter of the bars. 
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bars than that of removing to a greater distance the counteracting 
influence of the two magnetic poles upon each other. 

The practical question in preparing an electro-magnet resolves 
itself into the determination of the uiickness and length of the 
wires which are reauired to produce the maximvm effect. It is 
obvious, that for a batteiy of a given power, the longer the wire 
which is employed, the greater is the resistance introduced, so 
that the number of convolutions jjractically has a limit bejrond 
which nothing is gained by increasing them, and this limit is at- 
tained when the increased resistance introduced by the increasing 
length of the wire balances the gain produced by the influence of 
the additional coils upon the bar ; the greater the diameter of the 
coil, the longer, of course, will be the wire required to form it, 
and the greater will be the resistance of such a coil in proportion 
to its magnetizing power. Experience shows, that in order to 
attain the most economical combination in the battery in propor- 
tion to the quantity of materials consumed, when magnetic power 
is required, the same rule must be followed as when chemical re- 
sistance has to be overcome — viz., that that combination is the 
most effective in which the resistance of the wires and of the 
coils which are exterior to the battery is equal to the resistance 
of the liquids and other materials used in the construction of the 
battery itself, or when in Ohm's Formula (i^f;.=^) the value of 
^ ^Qs t nearly approaches 0*5 ; in which case r=nR. — — — 

(306) Ampir^s Theory of Eled/ro-Magnet/imi. — It will be 
necessary to examine somewhat further the properties of a spiral 
wire which is conveying a current, in order that the reader may 
be enabled to understand the theory of Ampere, by which he 
accounts for the mutual action of magnets ana electric currents. 
If a simple helix, which for lightness may be made of thin wire, 
be freely suspended, it will, whilst conveying the current, place 
itself in the magnetic meridian ; that is to say, it will point north 
and south, and will be attracted and repelled by a magnet which 
is presented to it, just as an ordinary bar magnet would be. Fig. 
233 shows a method of suspending the helix, or dectro'dyruirmc 
cyUmder^ n so as to exhibit these effects ; the wire, a, termin- 
ates in a small hook, which 
dips into a cup containing Fm. 233. 

mercury, and this is connect- 
ed with one of the wires from 
a small voltaic battery ; the 
other end, ft, of the coil dips 




which is in communication 
with the other wire of the 
battery : the magnetism cor- 
responding with that of the 
north end of the needle accu- 
mulates at one extremity of 
the coil, whilst the opposite 
magnetism accumulates at the other extremity : this effect neces- 
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Fig. 284. 



sarily follows from the influence of each coil upon its neighbours, 
since the north side of every coil is in one direction, wnilst the 
south side is in the opposite. Ampere, who first pointed out the 
remarkable analogy oetween an ordinary magnet and the helix 
when conveying an electric current, has deduced from it a theory 
of the connexion between magnetism and electricity which has 
satisfied, hitherto, the rigorous requirements of mathematical 
analysis, and has also explained all the phenomena of electro- 
magnetism that have as yet been discovered. Ampere assumes 
that all bodies which exhibit magnetic polarity, derive this 
polarity from currents of electricity which are perpetually circu- 
uiting around the particles of which the magnetic bodies are com- 
posed. Around each particle an electric current is supposed con- 
tinually to circulate ; the direction of these currents is supposed 
to be uniform, each current circulating in a plane at right angles 
to the axis of the magnetic power. In fig. 234, the currents are 
shown as at a, c, circulating in a uni- 
form direction around the particles of a 
bar magnet, of which the south pole, s. is 
nearest the observer. The resultant effect 
of these united and concordant small cur- 
rents would be equivalent to that produced 
hj a single current winding in a spiral 
direction uniformly around the bar wmch 
would occupy the axis of such a spiral 
In an ordinary magnetic needle, which is 
pointing north and south, currents would 
ascend on the western side and descend on 
the eastern. No definite proof of the existence of these currents 
can be given, nor can a reason for the persistence of such cur- 
rents in permanent magnets be assigned ; but granting that such 
currents do exist, all tne mutual actions between wires which 
convey currents and permanent magnets follow as a matter of 
necessity. 

{SOTsJfutual Influence of Wires which a/re conveyi/ng Cur- 
rents. — Weproceed to point out one or two of these conse- 
quences. Wnen two wires are freely suspended near each other, 

and electrical currents 
are transmitted through 
them, the wires will be 
mutually repulsive if the 
currents pass in oppo- 
site directions, but they 
will attract each other if 
the currents be in the 
same direction. Fig. 
235 will explain the rea- 

^ ^ ^ ^ son. When the currents 

are in opposite directions 
(No. 1), the magnetism on one side of the wires is exactly similar 
to that in the contiguous side of the second wire, as indicated by 
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the arrows arranged around p and n. The two north poles and 
the two south poles consequently repel each other: whereas 
when the current is passing through th^ two wires in the same 
direction, as shown in No. 2, the effects are exactly reversed ; 
attraction follows, and if the wires be freely suspended, as in 
Snow Harris's arrangement, represented in fig. 236, they will 
place themselves parallel to each other. 
Three concentric troughs containing mer- Fig. 286. 

cury are arranged on a small stand ; the 
current passes from one of the wires of 
the battery to the central trough, returns 
by the inner loop of wire to the second 
trough, and by the outer loop is trans- 
mitted to the exterior trough, which is in 
communication with the other wire from 
the battery. This attraction between 
currents which are passing in the same 
direction may be rendered evident in the 
contiguous coils of a helix: from this 
cause, a helix formed of a slender harp- 
sichord wire shortens itself when the current is transmitted, but 
recovers its former dimensions when the current is inteffnitted. 
Now if it be granted that in every bar magnet electrical currents 
are perpetually circulating around the particles of which it is 
composed, in a direction at right angles 
to a line joining the magnetic poles, we Fig. 2Z1. 

have in the foregoing experiments an ex- ^ | 

planation of the tendency of a magnet 
to place itself across a wire which is con- 
veying an electric current, since, by 
such a movement, the currents in the 
magnet and in the wire assume a direc- 
tion parallel to each other. Let p q (fig. 
237), represent a wire conveying an elec- q 
trie current in the direction of the arrow ; 

»- will indicate the north end of a magnet in which the currents 
supposed to circulate around its particles would be parallel to 
the current in the wire p q. 

If the magnet be station- 
ary whilst the wire is move- 
able, the wire will place itself 
at right angles to the magnet. 
In fig. 238, a plate of zinc, z, 
is represented as connected by 
a loop of wire with the copper 
plate c ; both are suspended 
m a tube containing diluted 
acid, and the little battery is 
made to float in a vessel of 
water by the aid of a piece of 
cork, D. If the north end of 




ii 




ill 



Fig. 288. 




458 



SLECTBO-MAONETIO BOTATIONS. 



a magnet, be presented towards the loop in the direction 
shown in the cut, the wire will be attracted, and will place itself 
midway between the two extremities of the magnet ; but if the 
south end be presented, the wire will be repelled ; the little float- 
ing combination will turn halt* round so as to revei*se its du*ec- 
tion, and then will be attracted. 

Motion is also produced in a wire which conveys a current, if 
it be suspended perpendicularly between the two poles of a horse- 
shoe ma^et placed upon its side, the lower extremity of the wire 
dipping into a trough of mercury connected with one wire of the 
battery, whilst it rests by a hook at its upper end upon a metal- 
lic arm which is in communication with the other wire of the bat- 
tery ; according to the direction in which the current is passing, 
the suspended wire will be either attracted or repelled, by the 
simultaneous action of the two poles of the magnet on the oppo- 
site magnetism of the two sides of the wire ; the lower end will 
be thrown out of the trough of mercury ; this movement will' 
break the connexion with the battery, and the wire will then 
cease to be acted upon by the magnet until it falls back again 
into the mercury ; the battery contact is by this means renewed, 
and the same series of motions is repeated. A spur wheel or 
star, if substituted for the wire, may in this manner be kept in 
continual revolution ; for as one radius is thrown out, another 
enters the mercury, and thus renews the connexion with the 
battery, till it in its turn makes way for another. 

(308) EUct/ro-MagneUc HotcUions, — ^The movements just de- 
scribed are not the only ones which the magnet and the wire pro- 
duce on each other. If the action of the electric current be 
limited to a single pole of the magnet, a continuous rotation of 
the pole round the connecting wire may be obtained ; or if the 
magnet be fixed whilst the wire is moveable, the wire will re- 
volve around the magnet. 

Faraday, by whom these rotations were first investigated, was 
led to their discovery by observing the manner in which a voltaic 
current acts upon a magnetic needle which is moved in its vicin- 
ity. If the conducting wire be placed perpendicularly, and a 
needle poised horizontally at its centre be made gradually to ap- 
proach the wire on one side, each pole of the needle is first at- 
tracted, and on continuing the movement across the wire, is then 
repelled by the wire ; on the other side of the wire the needle is 
repelled where it was previously attracted. The points indicated 
in fig. 239 by the letters a a, represent the positions of the wire 

when it produced attraction; b 
Fig. 289. those in which it occasioned 

/"^^^ji^ r/'^ ^\ repulsion : at the points s and n 

"^^--MMiiaMiMBi^ML-^^ midway between a and b, the 

^\ / needle is neither attracted nor 

repelled. From these results 
Faraday concluded that each pole has a tendency to revolve 
round the wire, and therefore that the wire had a similar ten- 
dency to revolve round the poles ; the revolution of the north 
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Fig. 240. 




end of tlie needle, it was erpected, would be in a direction the 
reverse of thai asBiuned b;^ the sondi end. Ezj^riment complete- 
Ij yeriiied these expectations. The facts admit of being shown 
in a variety of forms. 

No. 1, ng. 240, shows an arrangement by which the magnet 
may be made to revolve 
aromid the fixed wire, 
a h ; ff are the north 
ends of two bar mag- 
nets, which are united 
below, and terminate in 
a pivot, g ; this pivot 
works upon a hard steel 
plate in the board, a b : 
c (2 is a wooden ring 
which contains mercu- 
ry, and is in metallic 
communication with 
the cup, e. At the cen- 
tre of each of the mag- 
nets is a small brass 
hook which dips into 
the mercury of the i a 

trough, c for convey- 
ing the current transmitted through the wire, a J, which is sup- 
ported by the arm o. As soon as the connexion of the cups a 
and e is made with the battery, the magnet begins to rotate 
around the wire, a J, and continues to do so as long as the cur- 
rent passes ; if the direction of the current be reversed, the direc- 
tion of the rotation is reversed likewise. No. 2 is a similar ar- 
rangement for showing the rotation of the wire, g A, around the 
norfli end of the magnet, a b ; the current enters at the cup,y, 
divides itself, and passes down g and h into the ring, c dy which 
contains mercury, and is supported above the board, o n, by the 
stand, A B ; the circuit is completed hj means of the cup e : re- 
versal of the current reverses the direction of the rotation. If the 
current descend in the wire around the north end of the magnet, 
the direction of the rotation is the same as that of the hands of a 
watch lying with the face upwards. The current may be trans- 
mitted through the upper half of the magnet itself, and if deli- 
cately poised, the bar may thus be made to rotate rapidly upon 
its own axis. These rotations may also be exhibited by liquid 
and by gaseous conductors ; if the wires from a powerful voltaic 
battery be made to dip into mercury, the mercury over the point 
where the wires terminate will rotate rapidly if a magnet be held 
above or below the spot. The flame oi the voltaic arc revolves 
with equal regularity and distinctness under magnetic influence ; 
thus by making a powerful horse-shoe magnet a part of the cir- 
cuit, and transmitting the current through the magnet itself, the 
voltaic arc of flame which may be drawn from one of its poles 
will rotate in the opposite direction to the flame which may be 
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drawn from the other pole. This magnetic rotation of the eleo- 
trie discharge is also well exhibited when the induced current of 
Ruhmkorff's coil is transmitted through an exhausted globe im- 
mediately over the pole of an electro-magnet, the direction of the 
rotation bein^ reversed with each reversal of the mi^etism. 
— (De%La Eive, Electricity^ Walker's Translation, VoL ii. 
p. 308.) 

A beautiful proof of the magnetic condition of the liquid part 
of the circuit so long as the current is passing, is exhibited by the 
rotation of the battery itself, in obedience to llie action of a mag- 
net ; the experiment may be made as follows : — Let a douWe 
: cylinder of copper, shown in section at c, fig. 241, of about two 
mches in diameter and three inches mgh, be formed 
into a cell capable of containing Kquid, and be sup- 
ported by a point attached to a connecting strip of 
copper, over one end of a bar magnet ; let a cylin- 
der of zinc, z, be supported on a second point in 
metallic communication with the copper : as soon 
as a little diluted acid is poured into the cell, the 
zinc will begin to revolve around the magnet in 
one direction, while the copper rotates in the oppo- 
site ; the current is ascendmg in the copper, whilst 
in the zinc it is descending around the same mag- 
netic pole : round the nortn end of the magnet, the 
cylinder of zinc will move in the same direction as 
the hands of a watch which is lying with its face 
upwards. 

Ampere has explained these rotations by means 
of the theory to which allusion has already been 
made ; but it will not be needful to pursue this 
part of the subject further. 

(309) Electric Tdegrwph, — The most important and remark- 
able of the uses which have been made of electricity, consists in 
its application to telegraphic purposes ; an application which has 
not only brought distant towns upon the same island or continent 
within the means of instantaneous communication with each 
other, but which has spanned the seas, and placed an insular me- 
tropolis like London within momentary reach of the distant capi- 
tals of the continent. 

It would be impossible in a work like the present, to give 
even a sketch of the numberless modifications and improvements 
in the apparatus which have been suggested or practised for car- 
rjring out telegraphic communications by means of electricity, 
since the year 1837, which is memorable as the period at which 
Cooke and Wheatstone took out their first patent for electric 
telegraphing, and proved to the world the possibility of trans- 
mitting and receiving signals produced by electricity, with facili- 
ty and with certainty through insulating wires of great length. 
On the present occasion, an outline of the essentiaiparts of llie 
telegraphic system which is generally adopted in this country is 
all 3iat can be attempted. 
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The electric telegraph may be regarded as consisting of throe 
parts — Yiz. : 1. The JBaUery^ or source of electric power. 2. The 
ti/ne^^ or the means of transmitting the signals. 3. llie tdegraphAo 
indicator^ or instrument for exhibiting tne signals. 

1. The BaMeru. — The apparatus for proaucing the signals is 
simply a voltaic battery, any form of wiiich may be used ; but 
the one commonly employed consists of a series of alternate pairs 
of copper and amalgamated zinc plates arranged in wooden 
troughs, sub-divided into compartments, similar to those used 
with Smee's battery (fig. 213). These compartments, after the 
plates have been introduced, are filled with sand, which is then 
moistened with diluted sulphuric acid. In this form of instru- 
ment the risk of leakage is diminished and the amount of evapo- 
ration is lessened : the charge requires renewing once in ten days 
or a fortnight, according to the frequency with which the tele- 
graph is used. Another form of battery which has been found to 
be effective for a long period, consists of plates of amalgamated 
zinc, and gas coke, excited by solid sulphate of mercury moist- 
ened with water ; they are arranged in compartments, similar to 
those used for the moistened sand. 

2. The Lme. — ^The conducting wire was formerly made of 
copper, but is now generally made of iron wire about one-third 
of an inch thick, coated with zinc, to protect it from oxidation. 
For the purpose of insulation this wire is supported upon wooden 
posts, which are firmly sunk into the eartn, and which are kept 
dry at the upper extremity by means of a cap or case of wood, 
of fourteen or sixteen inches long, between the sides of which and 
the post is an interval of air. To the sides of this cap short tubes 
of porcelain, or supports of glass, are attached, and through these 
insulating tubes the wire passes. Suppose that a message is to 
be transmitted from London to Manchester ; a continuous insu- 
lated conducting wire must extend between the instrument or bat- 
tery in London and the instrument at Manchester which is to re- 
ceive the signals, and there must also be a continuous conducting 
communication to (complete the circuit between Manchester ana 
London. This return conductor may consist of a second metallic 
wire which must be insulated from the earth and from the first 
wire, though it may be suspended from the same posts side by 
side with the first. The earlier telegraphic lines were all made 
in this way. 

It was, however, discovered by Steinheil that the second me- 
tallic wire may be dispensed with, and that the earth itself may 
be employed as the cx)nductor for completing the return commu- 
nication between the two distant stations. The possibility of do- 
ing this arises from the law of conduction in solids — viz., that the 
conducting power increases in proportion to the area of the sec- 
tion of the conductor. The earth as a conductor of electricity is 
many thousand times inferior in power to any of the metals, if 
columns of each metal and of tne earth of equal diameter be 
compared. But it is possible to multiply indefinitely the area 
of the conducting portion of the earth between the two stationSj 
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and thus a line of communication may be obtained wbicli actually 
ojBTers a smaller amoimt of resistance than the metallic part of 
the circuit. In practice all that is found neceasarv, in order to 
take advantage of this conducting power of the earth, and to sub- 
stitute it for me return wire of the telegraph, consists in leading 
a wire from the telegraphic apparatus at one end, into the earth, 
the wire being attached to a plate of copper which exposes 
several square feet of surface, and this copper plate is buried in 
the ^ound, as represented at p (figs. 242, 243, 244). By in- 
creasmg the size of this plate, any extent of surface of contact 
with the earth may be obtained, and thus the intrinsic inferiority 
of the earth to the metals as regards its conducting power is more 
than compensated fovy 

The ^ueral plan, of this arrangement will be understood from 
fig. 242, m whicn m and i represent two telegraphic instruments, 
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one stationed, we will suppose, in Manchester, the other in Lon- 
don. L is the metallic line or wire of communication which con- 
nects the stations ; e is the earth ; and p, q, copper plates at- 
tached to wires, one of which proceeds from each instrument. 
Suppose, for example, a message to be in the act of transmission 
from I, the instrument in London, to m, the instrument in Man- 
chester ; if z represent the battery at the London station,.iihe , 
current will take the course indicatea by the arrows ; it wilLpaas' 
from to a wire connected with the earth plate, p, thence it will 
pass through the 200 miles of earth between the two cities ; at q 
it will be taken up again, and be transmitted by the wire to the 
instrument, m, thence it will be conveyed along the metallic wire, 
L, and back again to London, where it will pass through the in- 
strument, I, and so return to the end, z, of the battery. 

When it is impossible to insulate the conductinff wire by 
supporting ijb in the air on posts, the whole lengjth of the wire re- 
quires to be covered with an insulating material. Caoutqhouc 
and ^ntta-percha are found to be well adapted to this purpose. 
In this case it is usual to substitute copper wires for the iron ones, 
as owing to the superior conducting power of copper, a "wire of 
much smaller diameter can be employed without adding to tj^e . 
resistance, and a saving of space and of insulating material ^is 
thus effected. The wires, atTter having been covered with a coat- 
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inff of gatta-perclia about i of an inch thick, may be inclosed 
eiS»er singly, or several of them side by side, in iron tubing, to 
protect them from mechanical injury; they are then placed 
tinder ground, in the same manner as pipes for the conveyance 
of gas or water. In the sub-marine telegraphs, copper wires 
coated with gutta-percha are carefiilly arranged round a central 
rope of tarred hemp into a compound rope, which contains sever- 
al strands of conducting wire ; tne whole is protected by enclosing 
it in a flexible metalhc covering, formed by carefully twisting 
several iron wires around the compound conducting rope already 
described ; the exterior is often further protected by an outer 
covering of tarred hemp or other analogous material. The cable 
having been previously coiled up in the kold of a vessel, and one 
of its extremities having been properly secured upon the shore, it 
is carefully lowered into the sea ; from its weight, the electric 
rope at once sinks to the bottom as it is gradualnr paid out over 
the ship's side. When the opposite shore is safely gained, the 
extremities of the conducting wire are connected on either side 
with other wires which are in communication with the telegraphic 
apparatus, and the signals can be at once transmitted. 

In cases in which the wires are insulated with gutta-percha, 
and are then enc|ified in iron tubes, or sxmk beneath a body of 
water, it has been observed that if the wire be connected with the 
battery, the signal is liot instantaneously transmitted to the op- 
posite extremity ; and that if the battery contact be broken, there 
is not an instantaneous cessation of electric action at the distant 
point. 

Faraday {Phil. J/ay.,JVIarch, 1854) has shown that this retar- 
dation is produced bv the action of the current upon the gutta- 
percha insulator. The insulated wire, in fact, forms a Leyden 
jpjr ; the gutta-percha is the dielectric ; the wire within forms 
the inner coating, and the iron tube, or water of the ocean which 
Burrcfiinds it, forms the exterior coating. The time lost at first is 
that which is -expended in giving to the gutta-percha its charge ; 
.and the current which is observed to continue for a short time 
alter the wire has been disconnected with the battery, is produced 
by thQ gradual discharge of the electricity which had been com- 
municated by lateral induction to the gutta-percha : the gutta- 
percha in this case becomes polarized, just in tne same manner as 
the glass of an ordinary Leyden jar. When the wires are sus- 
pended in air, no retardation of this kind is observed ; and no 
after current is perceived. The gutta-percha in such a case can- 
not assume the polarized condition, owing to the absence of any 
'conducting communication with its external surface, by which 
„th(5 induced electricity could be carried off. 

Supposing that the line of communication has been estab- 
lished, we have now to consider : — 

13. Site Insirument far ExhiMtmg the Signals. — ^The indica- 
tor, or instrument by which the signals are exhibited, is essen- 
tially a galvanometer, in which the astatic needles are suspended 
vertically, instead of being placed in a horizontal direction A 
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Fig. 248. 



side view of the coil is shown at o, fig. 243. One of the needles 
is shown yerticallj suspended within it ; the other needle, n Sy is 
represented in jfront of the dial-plate, f f, 
of the instiiiment. The needles are slight- 
ly heavier at their lower extremities than 
at their upper ones, in order that when 
disturbed from the vertical line, thej may 
again resume it when the disturbing force 
ceases to act. The motions of the needle 
to the right or to the left are limited by a 
little ivory stud, which projects on either 
side from the face of the dial : loss of time, 
which would otherwise be occasioned by 
the unnecessary length of the oscillations 
of the needle, is thus prevented, l and p 
are the wires which communicate with the 
distant station ; o z is the battery ; h is 
the handle by which the instrument is 
worked. Fig. 244 is intended to illustrate 
the principle upon which such an instru- 
ment is made to exhibit the signals ; the 
details of its construction have been slightly modified in the 
diagrams, in order that the course of the dectric current may be 




Fig. 244. 




more clearly traced. No. 1 represents a back view of the essen- 
tial parts of the instrument, when at rest and in a position to re- 
ceive a message from the distant extremity. In this position, 
supposing the current to originate from the distant battery, and 
to enter the galvanometer o by the wire l, it will pass through the 
coil, will make its exit by the wire upon the right hand, which is 
attached to the metallic spring t; tnence it will pass along the 
brass crosspiece, dy into the metallic spring, v, and complete the 
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circuit througli the wire attached to the plate p and the earth e, 
by which it is returned to the distant station. The battery shown 
at o z is inactive during the whole of this stage : the wires which 
proceed from its two extremities are attached to insulated pieces 
of brass at either end of the vertical piece which is connected 
with d. No current thei'efore can in this position be transmitted 
from this battery, since the wire proceeding from o is completely 
insulated. But suppose it be desired to transmit a signal from 
this instrument to the distant station : — ^by means of the handle h 
(fig. 243), the piece to which d is attachea can be pressed against 
one of the springs at t (fig. 244, 2), whilst its lower extremity by 
the same movement is pressed against the other spring v ; the 
current now passes from the battery in the direction shown by 
the arrows. From o it proceeds to v, thence, through the wire 
attached to p, into the earth ; then, through the distant station, 
where the instrument is arranged for receiving the signals, as in 
No. 1, and it then produces a deflection of its needle. Thence 
the current returns by l to the galvanometer coil o, and then de- 
flects the needle, returns through the wire attached to the spring 
^, and by the metallic piece d completes the circuit through the 
wire attached to z. 

It is obvious that by reversing the movement given to the 
handle h, the direction of the current and the motion of the 
needles in the coil will be reversed both in the near and in the 
distant instrument, as shown at No. 3. As soon as the operator 
has finished making his signals, the springs, v and ^, restore the 
crosspiece to the position shown in No. 1, and thus the instru- 
ment at once adjusts itself for receiving the signals from the 
distant station ; the battery at o z being thrown out of action 
and the conducting communication with the line being restored 
through the crosspiece, d^ by the self-acting power of ttie instru- 
ment itself. 

By this arrangement a corresponding motion of the needle is 
always produced at the same instant at both stations, so that the 

fiver and the receiver of the message each perceive the signal, 
ince the needle admits of being moved either to the right or to 
the left, it is clear that by combining together on a definite plan 
a certain number of these movements, any letter or word may be 
transmitted ; thus two movements of the upper end of the needle 
to the right may show the letter A ; three movements in the 
same direction the letter B ; four might indicate G ; one to the 
right and one to the left D ; and so on. 

By employing two or more needles in each instrument, a 
greater number and variety of signals can be transmitted in the 
same time, but each needle requires a separate conducting wire, 
though the number of, batteries need not be increased. 

§ V. MAGNETO-ELEOTRICrnr. 

(310) T^Z^-EZ^c^*<?in{?i^w>w.. — ^The term 
Urn was given by Faraday to tiie production of secondary cur- 
80 
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rents, or currents in closed wires obtained by inductive action; 

*from wires conveying currents in the vicinity of such dlosed cir- 
cuits. The circumstances under which these currents are formed 
will be best understood by a description of an experiment K a 
wire through which a voltaic current is passing be placed parallel 
to a second wire, the two extremities of which are connected with 

. the enda of a sensitive galvanometer, no perceptible eflPect is pro- 
duced in the second wire so long as the current passes without 
interruption through the first wire ; but if the current through the 
first wire {or prima/ry current as it may for the sake of distinction 
be termed) be suddenly stopped' by interrupting the connexion 
with the battery, a secondary current of momentary duration ^ 
produced in the second wire, and this current is direct^ that is to 
say, it is in the same direction as that in the battery wire. On 
again completing the communication between the first wire and 
^ the battery, a mfomentary current or w%ye of electricity is again 
transmitted through the second wire, but it is now ynverse^ or in 
the opposite direction to the primary current. 

These effects may be mucn increased, if instead of employing 
simple wires, the wires be coiled into the form of two concentric 
helices ; *the wire which is to convey the primary current, or 
primary coil, being placed in the axis of the coil for the secondary 
current, and the ends of the secondary coil being connected as 
before with the extremities of the galvanometer. Under these 
circumstances the -•needle will receive a powerfid impulse at the 
moment the primary coil is co^ected witlf the battery, but after 
a ^wi oscillations the needle will return to its oiiginal position, 
notwithstanding that the current through the primary cx)il is main- ^ 
tained ; the instant, however, that the primary coil is separated ' 
from its contact with the battery, a powerful momentary impulse, 
from a current through the secondary coil in a direction tne re- 
verse of the former, will be produced upon the galvanometer 
needle. 

""Similar effects are exhibited by causing the primary coil, 
whilst it is transmitting the battery current, suddenly to approach 
towards, or to recede from, the secondary coil which is in connex- 
ion with the galvanometer. During the approach of the coil, the 
secondary current is in the opposite direction to the primary one, 
but during the withdrawal of the coil the secondary current is in 
the same direction as the primary current. If a small heUx be 
substituted for the galvanometer in the secondary coil, a steel 
needle may be magnetized by the induction of these instantaneous 
cun-ents, and the intensity of the magnetism thus induced is pro- 
portional to the intensity of the secondary current. By discharg- 
ing a Leyden jar through a primary coil properljjr insulated, a 
secondary current may be obtained in the other helix, but in this 
case it is always in the same direction as the current produced on 
breaking contact with the battery. 

^311) Magneto-Electric Induction, — Since electricity may be 
made to elicit magnetism it seems reasonable to expect that the 
converse operation of obtaining electricity by means of magnetism 
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should likewise be practicable. After several jfruitless attempt^ 
to solve this problem, Faraday succeeded in discovering the con- 
ditions necessary to ensure the result {Phil. Trana,^ 1832, p. 125). 
The following experiment will serve to illustrate these conditions. 
Let the extremities of a helix of copper wire be connected by 
means of wires several feet in length with the two ends of a gal- 
vanometer, so that the needles shall be beyond the direct influ- 
ence of the magnetic bars to be employed. Motion of ^ perma- 
nent magnet across the coils of the helix instantly produces a cur- 
rent in the wire ; if, for example, a bar ma^et be introduced 
jnto the axis of the telix, an immediate deflection of the gal- 
vanometer needle is produced ; but if the magnet be allowed to 
remain motionless within the helix, the needle after a few oscilla- 
tions returns to its zero ; the instant, however, that the magnet is 
withdrawn, the galvanometer needle is deflected to the same ex- 
tent as before, but in the opposite direction. When the marked * 
end of a magnetic bar is introduced into a right-handed helix, the 
current which is produced so passes through the coils as to enter 
the helix at that extremity at which the magnet enters ; so that 
the current under these circumstances moves in the^ opposite 
direction to that of the hands of a watch which is lying with its 
face upwards. 

If a bar of soft iron be placed in the axis of the helix, so long 
as it remains unmagnetized no current is produced, but if the op- 
posite poles of two bar magnets%be presented one to each ex- 
tremity of the soft iron, so as to rbnder it temporarily magnetic 
by induction, a momentary current is produced whilst it isi*c- 
quirinff magnetism, and this current corresponds in direction with 
tnat which would be occasioned by introducing a bar magnet, the 
poles of which correspond in direction with those of the tempo- 
rary magnet. 

In like manner when two concentric helices are arranged as 
in the experiment on volta-electric induction (310), and a bar of 
soft iron is placed in the axis of the primary coil, a much more 
powerful secondary current is obtained than when the two coils 
only are used ; since the soft iron in acquiring and in losing mag- 
netism produces a secondary current, which in each case occurs m 
the same direction as that induced by the primary coil alone. If 
a bar of copper be substituted for the iron bar or core in the 
primary coil, the current is not stronger than when the two coils 
alone are employed. 

If, as Ampere supposes, a series of electric currents are per- 
petually circulating around the component particles of a bar 
magnet, in planes at right angles to the magnetic axis, — the mo- 
tion of a magnet in the axis of a helix, the opposite extremities 
of which are in metallic communication with each other so as to 
form a closed circuit, must necessarily produce a current in such 
a helix ; for the magnet corresponds to a helix through which an 
electric current is passing ; experiment shows that tne direction 
^ of the currents induced by the magnet is precisely such as would 
be required by Ampere's theory. 
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(312) RuhmJcorffs Induction CoU. — ^The secondary currents 
which are obtained by ma^etic induction possess a high degree 
of intensity ; if the circuit oe broken at the moment that the cur- 
rent is passing, a brilliant spark will be observed at the point at 
which the interruption is occasioned. 

An effective apparatus for exhibiting these secondary currents 
has been in use for several years, but it has recentlv been ren- 
dered still more efficient by Euhmkorff. One of its forms is 
represented in fig. 245, in which No. 1 shows a vertical section of 

Fig. 245. 




the coil through its long axis, the other parts being shown in per- 
spective. It consists mainly of two concentric helices of copper 
wire ; the primary or inner coil, A a, consisting of a stouter and 
shorter wire than the secondarj^ coil, b b, which is made of a very 
long, thin wire, insulated by silk, and each layer of coils is care- 
fully insulated from the adjacent layer : * m is a bundle of soft iron 
wire placed in the axis of the coils. At + and — are binding- 
screws for connecting the primary coil with a voltaic battery of 
three or four elements. This priniary^ coil is not continuous 
throughout its length, but admits of bemg broken at c and d : d 
is a small armature of soft iron, to the under surface of whicn a 
plate of platinum is riveted, and the upper surface of c is also faced 
with platinum. So long as c and a touch each other, the cur- 
rent circulates uninterruptedly through a a : but as soon as the 
current passes through a a, the iron core m, becomes magnetic and 
attracts rf, consequently the contact between c and a is inter- 



* In Buhmkorflf^B 10-inch coil the inner or primary wire is 0*08864 inch thick and 
182 feet long, 800 turns of wure bemg formed upon Ihe mstroment. The outer or seo* 
ondary coil is 0*01812 inch thick, and 26,246 feet in length, distributed in 26,000 ooila. 
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rnpted ; the current immediately ceases to flow through a a, the 
ma^etism in m disappears instantly, the hammer, dy falls, contact 
with c and with the battery is immediately renewed, d is attracted 
again, and it immediately falls back upon c. Thus the battery 
itself acts as a means of making and breaking the contact several 
hundred times in a minute. A powerful current is induced in 
the secondary coil, b b, by each ot these momentary currents in 
A A. In this instrument the secondary current is always trans- 
mitted in one direction only, the induced current on breaking 
contact being' the only one which has suflScient intensity to tra- 
verse the coil. No. 2 shows an end view of the coil, and exhibits 
more distinctly the parts by which the contact is made and 
broken. The same letters apply in both cases. The shocks are 
of such intensity as to be very painful And often dangerous, even 
though experienced only for an instant. pAriJontinuous stream of 
-'^parks will pass between the insulated ends of the secondary wire, 
e f. A Leyden jar may be charged by the secondary current, 
and the power of the instrument may be much increased by con- 
necting the prima/iry wire with the modification of the Leyden 
jar, which is commonly called a condenser : it consists of a band 
of brown paper, or, better, of oiled silk, on either side of which 
a sheet of tinfoil is pasted. 40 or 50 square feet of coated surface 
are thus prepared and folded between two other bands of brown 
paper or of silk, and packed in a flat wooden case. The two coat- 
ings are connected with the binding-screws attached to o and d 
in the primaiy current. The principle of its action is not clearly 
understood ; it does not increase the quantity of electricity in the 
secondary current, but it adds greatlv to its intensity and aug- 
ments the striking distance, so that, by its employment, and by 
increasing the dimensions of the coil, paying scrupulous attention 
to the insulation of the conducting wires, sparks of 18 or 20 inches 
in length and of great intensity have been obtained. The inten- 
sity of this spark is also greatly increased by increasing the sud- 
i jenne ss with which the continuity of the primary wire is broken. 
It IS obvious that by this machine electricity of low tension may 
be rendered as intense as that v from an ordinarjr plate-machine 
whilst its quantity is much greater. An induction coil may in- 
deed be substituted for an ordinary electrical machine in most 
cases, with great advantage, where a continuous discharge of 
sparks is required. 

If the shadow of the spark obtained between the secondary 
wires of a Ruhmkorffs coil be thrown upon a screen by the 
intense light of the electric lamp, a cone of vapour will appear to 
issue from the point of each wire, due to the unequal ren-action 
produced by the current of heated air ; but the cone from the 
negative wire being more powerful apparently beats back the 
heated stream from the positive wire. These eflfects are the re- 
verse of those produced in the ordinary voltaic arc, in which the 
greatest dispersion of matter and the highest temperature is ob- 
served to occur at the positive electrode (280). If the discharge 
of the secondary coil be allowed to occur in an exhausted receiv- 
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er, the phenomenon of the auroral li^ht is exhibited in a most 
beautiful manner though an interval of several feet. Grassiot has 
contrived a very striking modification of this experiment by plac- 
ing within the receiver of the air-pump a small tumbler or beaker 
lined with tinfoil about half way up the inside. The reoeiver 
should be open at top for the adStnissioh of a sliding rod, which 
passes air-tight through a brass plate, ^ound to fit the top of the 
jar ; the sliding rod is enclosed in a glass tube open at bottom, 
and passes down to the inside of the tumbler and touches the me- 
tallic lining. On exhausting the receiver whilst the plate of the 
pump is connected with one terminal of the secondary coil, and 
the sliding rod with the other terminal, a beautiful and contin- 
uous cascade of electric light pours over the edge of the tumbler 
upon the metallic plate of the pump. The effect is heightened if 
tne tumbler be made of a fiuorescent material, sucK as uranium 
glass, and rests upon a glass dish washed over with sulphate of 
quinine, the blue fiuorescence of which contrasts well with the 
yellow of the uranium. If, instead of using the sort of Leyden 
jar employed in the foregoing experiment, this discharge be 
taken in an exhausted glass globe between two brass balls, it ex- 
hibits a very interesting appearance : the negative ball becomes 
covered with a quiet glow of light, whilst a pear-shaped luminous 
discharge takes place from the positive ball ; between the two 
balls is a small interval nearer to the negative than to the posi- 
tive ball which is not luminous : when the exhaustion or the 
receiver is very perfect, the luminous portion is observed to be 
traversed by a series of dark bands or arches concentric with the 
positive ball ; the presence of a little vapour of phosphorus ren- 
ders these dark bands much more distinct. (Grove.) 

The occurrence of these bands is as yet unexplained ; but the 
attempts to trace them to their cause have led to numerous in- 
teresting investigations by Grove, who first observed them, by 
Eobinson, and by others, but particularly by Gassiot, who has 
varied the experiment in numberless ways [PMl, Trans., 1858, 
1859). Gassiot's principal method of procedure has been to seal 
wires of platinum and of other materials of various sizes and 
forms, into glass vessels or tubes. These tubes and vessels were 
subsequently exhausted more or less completely. Various gas- 
eous bodies were then introduced, and were afterwards more or 
less completely removed by the air-pump : effects of great variety 
and beauty were thus obtained. The general appearances may 
be thus described : — If a long wide glass tube (ng. 246) contain- 
ing sticks of caustic potash, at p, be filled witn well-dried car- 
bonic acid gas, and afterwards exhausted by the air-pump, the 
residual carbonic acid will be gradually absorbed by the caustic 
pdtash at p. The effects observed on connecting the wires -h, — , 
with the secondary wires of the Ruhmkorff's coil, vary with the 
perfection of the vacuum. If the vacuum be merely that which 
can be obtained by an ordinary air-pump, no stratification is per- 
ceptible ; a diffuse lambent light fills the tube : if the rarefaction 
be carried a step farther, narrow strise, like ruled lines, about -^^th 
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inch in thickness traverse the tube transverse to the line of th6 

Fig. 246. 




discharge, as shown in fig. 247, No. 1. A step farther in the rare- 
faction increases the breadth of the bands as seen in fig. 246 ; next 
the segments of light assume a cup-shaped or conical form, fig. 
247, Ko. 2 ; and by carrying the rarefaction still further, a series 
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of luminous cylinders, of an inch or so in depth, with narrow 
dark lines between them, are seen, fig. 247, No. 3. Finally, 
when the vacuum approaches perfection, there is neither dis- 
charge, light, nor conduction. Hence it would appear that the 

{)resence of material particles is absolutely necessary to the trans- 
isr of the electric current. 

When the stratification is most distinctly visible, a dark space 
will always be observed near the negative pole, which, if of pla- 
tinum, is seen to be covered with a bluish glow of light, within 
which, the wire, by an optical illusion, has the appearance of being 
red hot. Portions of the negative electrode are gradually thrown 
off in the form of fine metaUic particles as the experiment is con- 
tinued, and the wire rises considerably in temperature. The ap- 
pearance of the stratification varies greatly with the modifications 
in form given to the wires. If the negative wire be enclosed 
with a capillary glass tube which is open, and projects beyond 
the wire for an eighth of an inch, or a little more, all the strati- 
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ficatioil disappears, and a jet of light escapes from the open end 
of the capillary tube, passing down the exhausted vessel. 

These stratified bands and luminous discharges are powerftiUy 
affected by the magnet ; if the n^i^tive wire be undermost in one 
of these exhaustea tubes suspended vertically, and it be com- 
pletely covered with a stratum of mercury, it will be found on 
causing one end of a magnet to approach the termination of the 
luminous bands in the direction of the axis of the tube, thiat the 
stratification will become modified, and will present an appear- 
ance resembling that which might be occasioned by stretchmg a 
spiral spring, supposing it were luminous ; indeed, by suitable 
means, the aischarge may, as De La Eive has shown, be made to 
rotate around the magnetic pole. Pliicker has shown that the 
light from the negative pole is also specially afiected by the mag- 
netic force, the Imes of light becommg parallel to the magnetic 
curves ; and Gassiot has found, that by arranging a tube so as to 
cross the lines of magnetic force which emanate from the poles of 
a powerful electro-magnet, he can instantly arrest the luminous 
discharge by magnetizing the electro-magnet ; but on breaking 
the connexion of the magnet with the battery, the discharge is 
immediately renewed. 

The phenomena above described have recently attracted a 
large share of the attention of electricians from their intimate 
connexion with the mode in which the electric force is propagated 
and transmitted from point to point. 

The stratified light produced by Euhmkorff's coil is, from the 
nature of the apparatus, intermittent, as may be very simply and 
beautifully shown by attaching one of the vacuum tubes to an 
axle which can be thrown into rapid rotation, the two arms of 
the tube moving like spokes of a wheel upon the extremity of the 
axle. In this arrangement, one extrenuty of the tube is main- 
tained in unbroken contact with one extremity of the induction 
coil, while the other extremity is in like manner connected with 
the other end of the induction coil. As the rotation proceeds, if 
the experiment be made in a darkened room, the tube will be 
visible momentarily, several times during each rotation, and will 
produce the appearance of a star of light, each arm of the star 
exhibiting distinct stratified bands, and appearing to be stationary, 
owing to the briefiiess of the time for which it is visible. 

It was supposed that these phenomena of stratification were 
connected witn undulations produced by the rapidly succeeding 
currents of the induction coil. Gassiot, however, has shown that 
this is not the cause, by producing the stratified appearance from 
the discharge of a Ley den jar when somewhat prolonged by trans- 
mitting It tnrough a portion ofi :^et string ; Quet and Seguin, by 
charging the jai' feebly, have obtained similar effects wimout the 
use of the wet string, Gassiot also obtained them directly from 
the water battery of 3500 cells (299), as well as from a series of 
400 carefdlly insidated small pairs of Grove's construction, and 
connecting each termin 1 of the battery with one of the insulated 
wires of the exhausted tube. A beautifully distinct stratified 
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discharge was produced, wliich was not arrested by the introduc- 
tion of a voltameter into the circuit. The quantity of electricity 
thus transmitted is so small that the amount of water decomposed 
is barely perceptible. This is, therefore, not the true voltaic arc. 
On causing the terminals of the Grove's battery in the exhausted 
tube gradually to approach each other till within about an inch 
and a half, the true voltaic arc was suddenly established, and an 
immense rise of temperature instantly occurred ; but the interest- 
ing point of the experiment was that the arc itself was distinctly 
fleen to be stratified. 

The passage of the electric spark through compound gases or 
vapours is attended with a partial separation of their components 
in the line of the discharge. But the experiments of Perrot 
{Ann. de Chimie^ HI. Ixi. 161) appear to have proved that the 
spark from Kuhmkorff's coil produces in addition a true elec- 
trolytic decomposition of the compound vapour. In the case of 
steam, for example, oxygen appears in larger quantity at the posi- 
tive wire, and hydrogen in excess is collected at the negative ; 
but a much larger quantity of the two gases is evolved than is 
due to true electrolysis. Long sparks, if transmitting equal 
amounts of electricity in equal times, were found to be more 
effectual in producing decomposition than small ones. In syn- 
thetic experiments on the combination of oxygen and nitrogen to 

f)roduce nitric acid, it was found that long sparks also furnish a 
arger quantity of acid than short ones. If the length of the 
spark be increased in any given circuit, the gain increases only 
up to a certain point, the resistance offered by the length of the 
interposed stratum of air beyond this point diminishes the amount 
of electricity which circulates, to an extent which more than 
counterbalances the gain obtained by increasing the length of the 
spark. 

The energy of the secondarjr induced current in effecting the 
combination or the decomposition of gases and vapours is much 
greater than that of the ordinary cvlinder or plate electrical 
machine. The interposition of a condenser into the induced cir- 
cuit' augments the intensity of the chemical action of the spark ; 
but it decreases the number of sparks in a given time, so tnat if 
the spark possess sufficient intensity to pass, no gain in the 
xamount of tne body decomposed is enected by the use of the con- 
denser.* 

(313) Inductvoe Action of GurrmU — Henry^s CoUs. — ^When 
the connexion between the plates of a battery is made by means 
of a single, long straight wire, a brilliant spark is seen at the mo- 
ment that the contact with the bfi^Jitery is broken ; but when the 
connexion is made by means of a short wire, and contact is broken, 
only a very small spark is produced. When a long wire is em- 
ployed, the same length of wire, if coiled into a helix, gives a 

* Full details of the numerous researches made by Quet and others with Ruhmkorflf *8 
coil will be found in Du Moncel's Notice wr VAppareil (PlndiieHon Meetrique de JRuhm- 
korff, 4th edit. 
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much brighter spark than when it is used merely a& a straight 
conductor. The brilliant spark which is observed when the long 
wire is used, is produced by the inductive action of the battery 
upon the electricity of the wire itself. The bright spark obtaineia 
from the battery wire on breaking contact arises from a current 
which is transmitted through the wire in the same direction as 
that from the battery itselft This inductive action may be en- 
tirely diverted^ if a second helix, the ends of which are in me- 
tallic communication with each other, be placed either within the 
primary coil or exterior of it. 

If the conducting wire be coiled into a helix within which an 
iron core is placed, me current on breaking contact acquires suffi- 
cient intensity to communicate a powerfm shock, when the ends 
of the wire are grasped by the hand at the moment that the wire 
is disconnected with the battery, although the battery itself may 
be quite inadequate to produce any shock when its extremities are 
connected by a short wire. -^A stnking experiment of this kind is 
related by Prof. Jos. Henry {PhU. Mag. 1840, vol. xvi. p. 205). 
A very small compound battery was formed of six pieces of cop- 
per bell-wire each about an inch and a half long, and six pieces 
of zinc of the same size ; the current which this arrangement pro- 
duced was transmitted through a spool of copper wire covered 
with cotton : this wire was 5 miles in length, and yV of an inch 
in diameter, and it was wound upon a small axis of iron. The 
shock, on breaking the connexion with the little battery, was dis- 
tinctly felt simultaneously by twenty-six persons who had formed 
a circle by joined hands, and who completed the circuit between 
the two ends of the wire. The shock which was felt on making 
contact with the battery was barely perceptible. A current is 
produced on making contact, but it is feeble, and in a direction 
the reverse of that emanating from that battery. Even a thermo- 
electric battery (317), if the current which it yields be, trans- 
mitted through the coil, will furnish sparks on breaking contact. 

Henry, in the paper above referred to, has made some intel•e8^ 
ing observations upon the action of the battery current in in- 
ducing secondary currents. He employed for transmitting the 

i)rimary current a flat coil or ribbon of wieet copper about 98 feet 
ong and 1^ inch wide. This ribbon was sometimes coiled in the 
manner shown at a, fig. 248, sometimes in the form of a ring as 
shown at J. This coil was combined under various circumstances 
with other similar coils, each about 60 feet long, or with helices 
of fine copper wire of various lengths. The form of ribbon is a 
very advantageous one, as it offers a large sectional area in the 
conductor, and thus diminishes the resistance, whilst the different 
layers of the coil are approximated to each other with the smallest 
possible intervals between them. When coiled as at and a 
helix was placed within the ring so formed, each time that the cur- 
rent from the battery through the ribbon was interrupted, a sec- 
ondary current of considerable intensity was obtained in the 
helix : the helix could be supported upon a plate of glass which 
rested upon the flat coil, and still the inductive action was ob- 
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tained ; but if a metallic plate were interpoBed between the coL 
and the helix, no secondary current was obtained in the helix, 
because it was transferred to the interposed conducting plate. 

By arranging a series of coils in the manner represented in 
fig. 248, Henry succeeded in obtaining a succession of induced 
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currents by their mutual action. If a represent the coil in con- 
nexion with the battery, h and o are arranged to form a contin- 
uous coil, through which, by induction, a momentary current is 
produced each time that ike connexion of the coil a with the bat- 
tery is broken ; the current in h c then being direct, or in the 
same direction as in a. Now if two wire he] ices be connected 
together and placed as at and ^, the induced current in c will 
produce a second induced current, or current of the third order^ 
mde \ but this current will be iij the opposite direction to that 
in J <?. If/* be a ribbon coil placed above ^, with its ends united 
by a small helix at a third current, or current of the fourth 
order^ will be obtained, but it will be in the opposite direction to 
that ind e. Thus if the currents be compared together, they will 
be in the direction following : — 

a primary current (on brealring) 

J, Cy secondary current . . . direct 

rf, ^, current of the third order . inverse 

f current of the fourth order direct. 

By acting upon the principle just explained, and carefully in- 
sulating the coils, currents even of the seventh order have been 
obtain^, the successive currents being alternately direct and in- 
verse. 

Similar currents of equal amount, but of lower tension, are 
obtained each time that the primary circuit is completed, but the 
direction of the currents in this case is reversed ; thus on com- 
pleting the primary circuit the cujrents would be as follows : — 

a primary current (on making) direct 

J, secondary inverse 

a, tertiary direct 

f g^ quaternary inverse ; and so on. 

These eflTects are produced by a series of complicated actions, 
which admit of being summed up as follows : — ^Tne primary cur- 
rent has the power of producing two induced secondary currents 
in opposite directions one on making, the other on breaking con- 
tact ; these currents admit of being separated from each other. 
They are equal in amount, but the current on breaking contact 
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has the highest tension, and will traverse the greater distance iu 
the form of a spark. Each secondary current in i c may give 
rise to two opposite tertiary currents in d but these currents are 
separated by an interval of time too small to be appreciated, be- 
cause the secondary current itself is instantaneous. These two 
tertiary currents are equal in quantity, but diflFer in tension ; the 
tertiary current produced by the cessation of the secondary being 
the stronger, ^ain, each of these momentary tertiary currents 
is in its turn capable of developing in fg two opposite quaternary 
currents, equal in amount but differing in tension. At each in- 
terruption of the primary current, therefore, we have one instan- 
taneous secondary current in h Oy two tertiary in d and four 
quaternary ones infg. Jf all these currents were equal in tension 
as well as equal in quantity, they would neutralize each other ; 
but since their tension is not equal, a series of phenomena are 
produced, owing to the alternate predominance of the tension of 
the currents moving in one direction in one circuit, and in the op- 
posite direction in the succeeding circuit. 

Henry has shown that induced currents of several successive 
orders may also be obtained by the momentary passage of elec- 
tricity occasioned by the discharge of the Leyden jar. 

These induced currents not only give powerful shocks, but 
they magnetize steel bars and produce chemical decomposition. 
The latter may be shown by interposing acidulated water or a 
solution of iodide of potassium between platinum wires which are 
in connexion with the ends of the coil. It is easy to obtain either 
currents of high intensity such as those required to produce 
shocks, or currents of large (]^uantity such as would be required 
for magnetizing steel or for igniting platinum wire, bv vaiying 
the diameter and length of the conductor. When a long thin 
wire was employed, as hj uniting the two helices as at d and 
a current of great intensity, producing powerful shocks, was ob- 
tained ; but tnis same current could be made to induce in the flat 
coil a current of greater quantity, but of less intensity. 

Owing to these variations in quantity and intensity, the inves- 
tigation of the laws of such induced currents is complicated and 
difficult. Abria {Ann, de Ghimiey III. i. 385, and iii. 5) has pub- 
lished some careful researches upon them, but additional experi- 
ments are still needed. 

(314) Arago^s Rotations, — A remarkable exemplification of 
the facility with which secondary curreats are induced by mag- 
netic influence, and of the mutual action of such induced currents, 
is exhibited by the following experiments of Araeo. If li magnet 
be suspended freely by its centre in a horizontal direction, parallel 
to a circular disk of copper which can be made to rotate horizon- 
tally beneath the magnet, it will be found, if the centre of sus- 
pension for the magnet be directly over the axis of the rotating 
disk, that when the disk is made to revolve with a certain degree 
of velocity the magnet begins to rotate also in the same direction 
as the disk ; and the more closely the disk and the ma^et are 
approximated, the more rapid is the rotation, whilst at uie same 
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time a repulsive action is exerted npon the magnet in a direction 

Oendicular to the plane of the disk. This rotation occurs as 
J when a sheet of paper or of glass is interposed between the 
magnet and the metallic disk, as when air only mtervenes. Disks 
of other metals by their rotation also produce this effect upon 
the magnet, but none of them show it so readily as copper ; the 
facility with which the effect is produced being directly as the 
power of the rotating disk to conduct electric currents. If a nar- 
row strip be cut out of the metallic disk, extending from its cir- 
cumference to the centre, no motion will be produced in the mag- 
net when the disk is made to revolve ; but if the cut edges of the 
divided disk be connected by soldering a piece of wire across the 
division, the rotation may be effected as readilv as when the disk 
was entire. From causes similar to those which produce the fore- 
going restdts, it is found that if a magnetic needle or a bar mag- 
net be set vibrating parallel to the surtace of a disk of copper, it 
will come to rest much more speedily than if vibrating over paper 
or ^ass- 

These effects were first satisfactorily explained by Faraday ; 
he found that whenever a piece of conducting matter is made to 
pass either before a single pole or between Sie opposite poles of 
a magnet so as to cut the magnetic curves at right angles, elec- 
tricfJ currents are produced across the metal, transverse to the 
direction of motion. For example, let the copper disk o, fig. 
249, be made to revolve, in the direction of the arrows on the cir- 
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cumference, between the poles, n of a horse-shoe magnet, and 
let a wire, Wy which is connected with one end of the galvanome- 
ter, ffy be pressed against the centre of the disk, whilst the other 
wire from the galvanometer rests against the edge of the disk 
between the magnetic poles. Under mese circumstances, a cur- 
rent will be found to flow fi*om the centre towards the circum- 
ference of the disk, o, and then through the wires, as shown by 
the arrows. If the disk be made to revolve in the opposite direc- 
tion, the current will flow firom the circ wds the 
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centre of the disk. Currents may also be obtained from any of 
the forms of the apparatus which exhibit the rotation of magnets 
round a conducting wire, or of the wire round the magnet, if a 

Slvanometer be substituted for the battery, and if the magnet or 
e wire be made to revolve by hand. 
Now let us suppose that in Arago's experiment we are look- 
ing down upon the revolving disk, Oy fig. 250 ; when the disk re- 
volves beneath the magnet, it cute the 
Fig. 250. magnetic curves at right angles ; currents 

are produced imdemeath the north pole, 
from the centre of the plate towards the 
circumference, a, beyond the pole : these 
currents occur in the opposite direction — 
viz., from the circumference to the centre, 
underneath the south pole, and thus tra- 
verse the diameter of the plate parallel to 
the magnet, returning by the more distant 
parts of the plate, as shown by the dotted 
arrows. Such currents necessarily exert a repulsive action upon 
the magnet in a direction which coincides with that in which 
motion is observed, and no currents are obtained until eith^ the 
magnet or the plate is set in motion. 

^315) Magneto-JSlectrio Machines. — ^Various machines have 
been contrived for the production of magneto-electric currents. 

Fig. 261. 






The most convenient of these is Saxton's Magneto-Electric 
Machine. It is represented in fig. 261, in perspective ; fig. 268 
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shows a section of the coils and armature on a larger scale. It . 
consists of a powerful horse-shoe magnet, m, placed horizontally 
upon 6ne of its sides : in front of its ends or poles, and as close to 
them as is possible without producing actual contact, an arma- 
ture of soft iron, a J, is made to revolve upon a horizontal axis, a, 
which admits of being turned by means of a strap passing over a 
multiplying wheel, w. This armature consists of two straight 
pieces of iron, about two inches in length, which, by means of a 
crosspiece of iron, x, are connected together parallel to each 
other, at such a distance that they shall be opposite the middle 
of each pole of the horse-shoe magnet. Around each limb, c, eZ, 
of the armature, a long fine copper wire, covered with silk to in- 
sidate the coils from each other, is wound in several successive 
layers, flte corresponding ends of each of these helices are con- 
nected together ; one pair, e fy is soldered to the spindle, on 
which the armature rotates, and through it is connected with a 
circular copper disk, i, the edge of whicn dips into a cup of mer- 
cury, m, wmlst the other pair of wires, A, is connected with a 
stout piece of copper which passes through the axis of the spin- 
dle, from which it is electrically insulated, and terminates in a 
slip of copper, A, placed nearlv at right angles to the crosspiece, 
X, which connects the two limos of the soft iron armature. Be- 
neath the slip of copper, ^, is a second mercury cup, Z, which can 
be made to communicate with the cup, m, either by a wire, or by 
some other conductor of the current. The arms of the slip, 
alternately dip into the. mercury, and rise above it, and the 
points of contact are so arranged that the circuit (which, when I and 
m are properly connected, is complete so long as A is beneath the 
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mercury) shall be broken at the time that the armature loses its 
magnetism. Under these circumstances a bright spark is ob- 
tained each time that the slip k quits the mercury. Four cur- 
rents are therefore produced in the wire surrounding the arma- 
ture during each complete revolution, two successive currents 
being in one direction, and the two others being in the opposite 
direction. Suppose, for example, that the limb, of the arma- 
ture is opposite the marked pole of the steel mtenet ; if now it be 
made to recede from this pole a current will be produced in a 
given direction, through the coil which surrounds this limb, and 
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on the approach of the same limb towards the unmarked end of 
th6 magnet, a second current will be produced in the same direc- 
tion through the coil ; a third current will be produced, but in 
a reversed direction, as the limb c leaves the unmarked end of 
the magnet, whilst a fourth current will be produced on the ap- 
proach of the limb c to the marked pole of tne magnet, and will 
coincide with the reversed direction of the third current r If* the 
connexion between the mercury cups, I and w, be effected by 

grasping with the hands two copper cylinders, h h, each of whicn 
y means of a wire is in connexion separately with one of the 
cups, a succession of powerftil shocks wul be experienced. Aci- 
dulated water and many saline solution^ may be decomposed if 
these currents be transmitted through them ; but in order to pro- 
duce polar decomposition, it is necessary to suppress or turn u^ 
one of the points of the slip A, and thus to lose naif the power ot 
the machine ; otherwise the currents at each half revolution are 
in opposite directions. 

in the construction of these magneto-electric machines, great 
care must be taken that the insulation of the coils is very perfect. 
Different effects are obtained from such a machine by varying 
the length and the diameter of the wire which is wound around 
the armature. When currents of high intensity are required, 
such as those needed for giving shocks, or for the decomposition 
of electrolytes, a great length of thin wire is preferable ; but i 
much smaller length of thicker wire will give tne largest sparks, 
and will ignite the greatest length of fine platinum wire.* 

'"IVlieatstone and others nave contrived magneto-electric 
machines, by which a continuous electric current m a «miform 
direction may be kept up for any length of time. These oatteries 
are in fact, combinations of several simple machines, similar in 
principle to Saxton's ; the coils are connected together so as to 
form a continuous circuit. The armatures are so arranged that 
each shall in turn become magnetic, just before the preceding 
armature has entirely lost its ma^etism. By this contrivance, 
the current is made to commence m one coil before it has ceased 
in the coil which immediately precedes it. 

Magneto-electric machines are now used in Birmingham on a 
large scale, as a substitute for the voltaic battery in processes of 
electro-silvering and electro-gilding. A single Saxton's machine 
will, if kept in continuous revolution, precipitate from 90 to 120 
ounces of silver per week from its solutions : and machines have 
been constructed by which 2^ ounces of silver per hour have 
been deposited upon articles properly prepared for this mode of 
plating. 

Mr. Holmes has succeeded, by the use of a powerftd magneto* 
electric machine, in producing a light of great steadiness and in- 
tensity between two points of gas coke : this light can be main- 

* A m^hine upon thia principle has been contrived by Wlieatstone> for exploAng 
charges' of gunpowder, when provided with Abel's magnet fuse, which seems to leave 
little to be desired in simplicity, certainty, and facility of application. (Import to Been- 
^ fairy of War Wheatstone and Abel, Nov., 1860.) * 
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tamed without interruption so long as the magnets are kept in ro 
tation, and the charcoal continues unconaum^. '^"^ 

The machine consists of 48 pairs of compound bar magnets, 
arranged in 6 parallel planes, so as to form a large compound 
wheel, between whioh the armatures, 160 in number, are ar- 
ranged in 5 sets, the total amoijnt of wire being about half a mile 
in length. The wires are insulated by cotton, and the contacts 
are so arranged as to maintain a continuous current in the same 
direction, varying from a maximum to exactly half the amount of 
the maximum, in rapid succession. The steel bars weigh about 
1 ton, and the wheel is made, by the aid of a small steam engine, 
to revolve with a rapidity varying from 150 to 250 times per 
minute.^\This light was for several months in successful opera- 
tion at the South Foreland Lighthouse, and subsequently at 
Dungeness, the actual expense of fuel in working the engine 
being about equal to that of the oil formerly used, wiile the ]^gh.t 
is far more brilliant. 

§VI. THBRMO-ELECIRIOrrY. 

(316) The phenomena due to the development of electricity 
by heat are arranged under the head of thermO'dectricity^—Si 
term which serves to recal to mind the manner in which the force 
originates in these cases. The present section contains a sum- 
mary of the more important facts which have been ascertained on 
this subject. 

As any obstruction to the passage of the electric current in a 
conductgr occasions the development of heat, so any obstruction 
to the equal propagation of heat in a conducting circuit produces 
a current of electricity. This important result was first obtained 
by Seebeck, in the year 1822. 

If the extremities of the wire of a sensitive galvanometer be 
united by means of a straight piece of platinum wire, this, wire 
may be neated at any point at a distance from its connexions 
with the galvanometer wire, without producing a current through 
the circuit ; but if the platinum wire be twisted into a loop, its 
molecular tension at this point is slightly altered, and if heat be 
applied to the wire close to the loop and to the right of it, a cur- 
rent will flow through the apjjaratus from right to left, owing to 
the inequality of the conducting power, and the disturbance of 
regularity in the transmission of the force from the hotter to the 
colder portions. These effects are still more readily produced by 
dividing the wire into two portions, and coiling each extremity 
into a flat spiral. If one of these spirals be heated to redness, 
and be brought into contact with the cold spiral, deflection of the 
needle immediately follows, in a direction which indicates the 
flow of a current from the hotter to the colder portion..r Metals 
such as bismuth or antimony, in which a crystalline structure is 
strongly developed, but which possess an inferior power of con- 
ducting electricity, display these thermo-electric phenomena in a 
more perfect degree. If ote half of a ring or rectangular 
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composed of either of these metals be heated, and the other half 
be kept cool, a current snflScient to deflect a magretic needle sus- 
pended within the frame or ring, will be produced. Metala 
which are better conductors, such as copper or silver, although 
they also show the phenomena, exhibit it much less distinctly. 

Ffof. W. Thomson has shown that if portions of a metallic 
wire be stretched by weights, and be connected with other por- 
tions of the same wire not so stretched, on applying heat to 
their junctions, a current is produced from the stretched to the 
unstretched wire through the heated point. 

If the rectangle be composed of two dissimilar metals, as 
when a bar of antimony, a a, fig. 253, is soldered to a bar of bis- 
muth, B B, the application of heat, 
^i^L??I<^ s^^l^ ^ the flame of a spirit-lamp, 

to one of the. junctions will cause 
deflection of the suspended needle, 
n .8. A bar of bismuth when sol- 
dered to a copper wire, will readily 
deflect the needle of a galvanome- 
ter of moderate sensibihtv, if even 
the warmth of the hana only be 
applied to one of the junctions. 
"Brer^earlier researches upon this 
subject appeared to show that so long as the resistance in the 
circuit continue unchanged, the amount of force in circulation is 
exaetlj proportioned to the difference in temperature of the two 
junctions. Becquerel, reljdng upon the accuracv of this datum, 
nas applied a thermo-electric pair of metals to the measurement 
of temperature. Amongst other experiments, he endeavoured to 
ascertain the temperature of flames ; the metals which he em- 
ployed were thin wires of platinum and palladium ; the junction 
of the wires was introduced into different parts of the flame 
which, as might be supposed, were found to vary considerably in 
temperature. The proportionality of the current to the tempera- 
ture, however, only liolds good with those non-crystalline metals 
which do not oxidize when powerfully heated : and even these 
are liable to irregularity, so that the determination of tempera- 
tures by this means must not be relied on without special verifi- 
cations, which, at high temperatures, can scarcely be effected with 
accuracy. For small differences of temperature, however, the 
thermo-electric pair or pile (317) surpasses in sensitiveness all 
other thermometric means at present in use. 

If one of the junctions of a thermo-electric pair be maintained 
steadily at a low temperature, such as 32°, wnilst the tempera- 
ture of the other junction is gradually raised, it happens with 
some combinations, that the current increases in intensity up to a 
certain point, then declines, and is reversed ; in the case of zinc 
and silver, the rise continues up to 248° F. ; then the current 
declines, becomes null, and ultimately is reversed, as the temper- 
ature continues to rise. Most probabl;^ this is due to the peculiar 
effect which heat has upon the crystalline structure of zinc. Iron 
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And antimonv exhibit the same effect, but to a less marked ex- 
tent ; and Thomson has extended the observation to a number 
of other metals. So important is the crystalline structure in 
these arrangements, that the thermo-electric power of bismuth is 
very materially reduced by the addition of a small per-centage 
of tin, which impairs its tendency to crystallize.* 

It may indeed be stated that when two dissimilar metals are 
connected in any way so as to produce a closed circuit, an electric 
current is established each time that any difference in tempera- 
ture is produced between the two points of contact ; and the cur- 
rent is maintained so long as the difference of temperature con- 
tinues. 

The metals may be arranged in the following thermo-electric 
order: — 

Bismuth Copper and Silver 

Platinum Zinc 

Lead Iron 

Tin Antimony. 

When heated together, the current proceeds from those which 
stand last on the list towards those which precede them. Jt is 
to be remarked that the thermo-electric order of the metals is en- 
tirely different from their voltaic order.f According to the ex- 
periments of Wheatstone and Pouillet, who have arrived at the 
game result by very different methods, the electro-motive force 
of a pair of bismuth and copper, when one junction is mai^nt«,ined 
at 212° and the other aft 32 F., is exerted between a 

£air of copper and zinc plates arranged in voltaic relation, as in 
^aniell's battery. 
Thermo-electric circuits may also be formed with inferior 
conductors. Nobili brought the point of a heated one of porce- 
lain clay into contact with a cold cylinder of the same material, 
each connected with the galvanometer bv cotton soaked in a 
conducting liquid : the current passed fi-om the cone to the 
cylinder. 

(317] Thermo-MiiUijpUer. — By connecting together successive 
pairs 01 two different metals, and heating the alternate joints, 
whilst the other junctions are kept cool, a tnermo-electric battery 

* An important connexion between the direction of the planes of cleavage and the 
direction of the thermo-electric current in crystalline metals was shown to exist by 
Svanberg. In bismuth and in antimony, for example, there is one particular plane of 
cleavage endowed with greater brilliancy than the rest. Bars of these metals, when 
placed with this plane of cleavage perpendicularly to the direction of the current, af e 
more highly negative than when placed in any other position ; whilst, if a second plane 
of cleavage, somewhat less brilliant than the former, be placed across the line of cur- 
rent, the bar is more highly positive, thermo-dectrically, than in any other position. 

f Matthiessen has published {PhU. Trans.^ 1868) the results of a careful series of 
experiments upon the thermo-el^stric order and energy of various bodies, for tempera- 
tures usually ranfpng between about 40° and 100° F. If the electro-motive force of the 
thermo-electric current excited between silver and copper be taken as equal to 1 (the 
current passing from the silver to the copper at the heated junction), the force of the 
current between silver and each metal in succession heated to the same point, will be 
represented by the numbers ^ven in the following table. Where the positive sign is 
prefixed the current is from the silver to the other metal at the heated junction ; when 
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may be constructed. Tlie size of the elements which are em- 
ployed contributes nothing to the effect, except so far as by in- 
creasing the area of the conducting section, the conducting power 
of the circuit is increased. Such a battery will decompose a so- 
lution of iodide of potassium, and Botto states that with a pile 
consistinff . of 100 pairs of platinum and iron wire, each 1 inch 
]on^ and of an inch m diameter, he succeeded in decern- 
posmg even diluted sulphuric acid. A thermo-electric current 
from a single pair is sufficient to convulse the limbs of a frog.' 
Thq principle of the arrangement by which a th^rmo^vltipLief 
or thermo-electric battery may be constructed, is shown in fig. 
254 ; to one series of junctions, a high temperature, to the other 
a low temperature may be applied ; the 
shaded bars, a, represent bars of antimony, 
those in outline, b, indicate bars of bismuth. 
The intensity of such a current, however, is 
comparatively feeble, and the resistance 
which it experiences in traversing even me- 
tallic conductors of considerable diameter, 
such as the metallic bai*s themselves which 
are used in the construction of the battery, 
seriously reduces its power. A very cheap 
and effective thermo-electric pile majr be 
made of wires of iron and German silver. 
Nobili and Melloni applied a thermo-elec- 
tric battery, consisting of 36 pairs of small 
bars of bismuth an(f antimony, to thermome- 
tric purposes. Such a battery was employed by Melloni, in his 




the negative sign is prefixed, the current is from the other metal at the heated point 
towards the silver. The substances marked with an asterisk are supposed to have been 
chemically pure : — 

Thermo-Electrio Order of Metals^ dkc. 



Bismuth, commercial, pressed 

wire 

♦Bismuth, pressed wire 

♦Bismuth, cast...«; 

Crystallized bismuth, axial... 

Crystal of bismuth, equatorial 

Cobalt 

Pbtassiimi 

Nickel 

Palladium 

Sodium 

♦Mercury i 

AliiTninnm 

Magnesium ....m 

♦Leiui, pressed wire 

*Tm, pressed wire 

Copper wire 

Platinum 

Iridium 

♦Antimony, pressed wire. 

♦Silver ^ 



+ 
86-81 
82-91 
24-96 
24-69 
17-17 
8-97 
6-49 
6-02 
8-66 
8*094 
2-624 
1-283 
1-176 
1-029 
1-000 
1-000 
0-728 
0-168 
0-036 
0- 



Oas coke, hard 

♦Zinc, pressed wire 

♦Copper voltaic 

♦Cadmium 

Antimony, pressed wire 

Strontium 

Lithium 

♦Arsenic 

Calcium : 

Iron, piano wire 

Antimony, axial 

Antimony, equatorial 

♦Red phosphorus 

♦Antimony, cast 

Alloy, 12 bismuth, 1 tm, cast 

Alloy, 2 antimony, 1 zinc, 

cast 

♦Tellurium 

♦Selenium 



0-067 
0-208 
0*244 
0*332 
1*897 
2*028 
8*768 

3- 828 

4- 260 
6*218 
6-966 
9-486 
9*600 
9*871 

18*67 

22*70 
179-8 
290-0 
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investigations on radiant heat, to the exclusion of almost every 
other tnermoscopic means. When the alternate junctions of the 
bars at each end of the pile were covered with lampblack, a coat- 
ing was obtained which absorbed the radiations proceeding from 
a surface the temperature of which was much below that of the 
human body ; even the amount of radiant heat emitted by insects 
could be estimated by connecting this battery with a galvanome- 
t gy of extreme sensitiveness.* 

TBe conducting power of red phosphorus and of selenium is so 
/ slight that neither of them can be used for the construction of 
f thermo-electric piles : that of tellurium is also small, but it is 
sufficient to admit of its use, and its electro-motive power, when 
opposed thermo-electrically to bismuth, is so great, that a pile 
consisting of 8 pairs of these elements, where the alternate junc- 
tions are neated to 212°, whilst the others are cooled to 32°, will 
decompose a solution of sulphate of copper; and Matthiessen 
estimates the electro-motive force of 100 pairs of such a pile as 
equal to that of 4 cells of Darnell's arrangement. 

(318) In connexion with these thermo-electric effects, a curious 
observation was made by Peltier {Ann. de Chimie^ 11. Ivi. 379, 
. and Ixxxi. 301) : — when a weak current of electricity was trans- 
mitted through a compound bar of bismuth and antimony, from 
the antimony to the bismuth, as in No. 1, fig. 255, a thermome- 
ter, placed at the point of junction, was 
observed in one experiment to rise 80° 
F., but when the current was reversed, 
as in No. 2, the temperature fell 6°*5 
F. In some later experiments, Peltier 
succeeded even in freezing water placed 
in a cavity drilled at the point of junc- 
tion of the two metals, when the bar 
was cooled to 32° by immersion in 
snow. When feeble currents of equal 
intensity are transmitted through a 
compound metallic bar, whatever met- 
als be employed, there is a difference in 
the temperature at the points of junc- 
tion, according to the direction in which the curr8nt is passing ; 
the amount of the difference of temperature varying with the 
metals which are used. The rise of temperature occurs almost 
uniformly when the current passes through the two metals in the 
same direction as that in which the thermo-electric current would 
be produced by elevation of temperaturcf For example, there 
is a rise of temperature when the current passes 'from iron to 
zinc, from iron to platinum, from iron to copper, from ziac to 

* Melloni used a galyanometer formed of copper wire ^ of an inch in diameter, about 
8 yards long, and arranged around the astatic needles in 40 convolutions. Much of the 
sensitiveness of the instrument depends upon the exact equality of the magnetization of 
the two needles : the compound needle should require from 66 to 60 seconds in ordei 
to complete an oscillation. 

f An exception is presented in the case of lead and copper, and isA and copper, u: 
which the current is towards the copper from the heated nletaL 
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copper, from copper to bismuth, and from antimony to copper ; 
but when the current is reversed between the same pairs, there is 
either a much smaller elevation, or in some cases even an actual 
depression of temperature. This subject has been discussed at 
great length bv Cfausius and by Thomson, in their researches on 
the mechanical theory of heat. 

l/H \ ^ ^ » Animal ELBOTEicrrr. 

(319) Some fish, particularly the torpedo, and the electrical 
eel (Gymnotvs dectricus) have the remarkable power of giving 
electrical shocks at pleasure, by means of an apparatus specially 
adapted to the purpose. 

The torpedo, which is a species of ray, is a flat fish, tolerably 
abundant in the Mediterranean ; it is provided with two_electrical 
i organs situated one on each side of the spine near the head, occu- 
\ pymg the whole thickness of the fish ; these organs are supplied 
with large thick nerves ; and it has been found that on cutting 
these nerves all voluntary electric power ceases : but according 
to Matteueci, the irritation of that end of the cut nerve which is 
attached to the organ in a lively torpedo occasions the electric 
discharge, and even irritation of detached portions of the organ 
produces contraction in the limb of a frog recently killed, if the 
crural nerve of the frog be allowed to rest upon the organ of the 
torpedo. The structure of the electrical organs is gelatinous, and 
the material is divided by membranous septa into 400 or 500 
columns, which have some resemblance to grains of rice in ap- 

})earance ; these columns run from the dorsal to the ventral sur- 
ace of the fish, and are about the thickness of a goose-quill ; the 
dorsal surface is positive, the ventral negative. The electricity is 
most strongly developed just at the points where the nerves enter 
the organ ; a powerful shock is received on simultaneously touch- 
ing the back and the belly of the fish at any part, but the shock 
obtained is strongest immediately over the two organs. A weaker 
shock is experienced on touching different parts even of the same 
surface, pince the electric charge dififere in intensity at diflferent 
points of the same surface. Frequent discharges exhaust the ani- 
mal quickly : the frequency of the discharge is under the control 
of the animal, but not its direction. The electric discharges of 
the torpedo are partl^y dissipated when the fish is immersed in 
water by the conducting power of this liquid, and Matteueci esti- 
mated tiiat in air the shock given by the animal is four times as 
powerful as \\ hen it is in water. 

(320) In the gymnotus, which is a fresh-water fisli, tolerably 
abuiidant in the marshes of Surinam, and in the tributaries to the 
Orinoco there are four electrical organs, a large and a small one 
on each side running from the head to the tail of the animal. 
These organs, like those of the torpedo, are supplied with large 
nerves, and have a membranous structure, the septa running in a 
more or less longitudinal direction from the head towards the tail. 
The longer the column that produces the shock, the greater is Ac 
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force of the electric discharge : the anterior portions of this animal 
are positive to the posterior, so that the strongest shocks are ob- 
tained by touching the fish simultaneously near the head and 
near the tail ; but shocks more or less intense may be obtained 
from any part of the body, if the hands be separated for a short 
distance in the direction of the head and tail of the animal ; 
scarcely any shock is felt if the hands be placed one on each side of 
the fisn at the same distances from the head or the tail. So great 
is the electric energy of the animal, that the specimen which was 
exhibited in the Adelaide Gallery, 40 inches in length, was cal- 
culated by Faraday, at each medium discharge, to emit as great 
a force as the highest discharge of a Leyden battery of fifteen jars, 
exposing 3500 square inches of coated surface. Shocks differing 
in intensity with the position of the observer and his distance 
from the fish, were felt in all parts of the tub which contained it ; 
this tub was 46 inches in diameter. The shocks from the gym- 
notus have power snflScient to kill or to stun fish : the same dis- 
charge produces a more powerful effect upon a large fish than it 
does upon a small one, since the larger animal exposes a larger 
conducting surface to the water through the mass of which me 
electricity is passing, and consequently it receives a more violent 
shock. On one occasion when a live fish was put into a tub, the 
animal was seen by Faraday to coil itself into the form of a semi- 
circle, the fish lying across the diameter : this position was the one 
most favorable to me full effect of the electrical discharge ; an in- 
stant afterwards the fish floated motionless upon its side, deprived 
of life by the shock it had received, and was then speedily de- 
voured by the ^mnotus. 

The shock of both the torpedo and the gymnotus gives rise to 
momentary currents suflScient to deflect the galvanometer, to 
magnetize a needle, and to decompose iodide of potassium : from 
both L species sparks have also been obtained between two insulated 
gold leavesproperly connected with the fish. 

(321) Toe MmcuLa/r Gurrent m Living Animals. — ^The re- 
searches of Matteucci have shown that in the living animal an 
electrical current is perpetually circulating between the internal 
portion of a muscle and its external surface ; this current is due 
probably to the chemical actions which are produced by the vital 
changes which are continually occurring in the organic tissue. 
The muBoular current^ as it has been termed, ceases to manifest 
itself in warm-blooded animals in a very few minutes after the 
life of the entire animal has terminated ; but in cold-blooded ani- 
mals, and especially in the frog, it continues for a much longer 

i)eriod. Vital contractility also continues in these animals for a 
onger period than in the higher orders of the vertebrata, and hence 
the fro^ has been extensively employed in researches of this 

description. 

The following is one of the forms of experiment, devised by 
Matteucci, to show the existence of the muscular current : — Five 
or six frogs are killed by dividing the spinal column just below 
the head ; the lower limbs are removed, and the integuments 
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stripped off them ; the thighs are next separated from the legs at 
the Knee-joint, and are cut across transversely. The lower halves 
of these prepared thighs are then placed upon a varnished board, 
and so arranged that the knee-joint of one limb shall be in con- 
tact with the transverse section of the next, and thus a muscular 
pile is formed consisting of ten or twelve elements ; the terminal 
pieces of this pile are each made to dip into a sejjarate small cavity 
m the board, in which a little distilled water is placed. If the 
wires of a sensitive galvanometer be attached to a pair of platinum 
plates, and these plates be plunged simultaneously one mto each 
cavity in connexion with the muscular pile, a deviation of the 
galvanometer needle will be observed in a direction which indi- 
cates the existence of a current passing from the centre or cut 
transverse surface of the muscle towards its exterior. 

Dubois Reymond, by the use of still more sensitive instru- 
ments, has shown that even the smallest shreds of muscular tissue 
exhibit proof of the existence of such a current, and the conclu- 
sion which he draws from his experiments is the following : — ^Any 
point of the natural or artificial longitudinal section of a muscle 
IS positive in relation to any point of the natural or artificial 
tran8ver8e section. 

Interesting as this subject is in a chemical point of view, in 
connexion with the changes which take place in the circulating 
fluids, it would be irrelevant to our present purpose to pursue it 
further. The question belongs more properly to the physiolo^st 
than to the chemist ; and the reader who desires fuller information 
upon this branch of inquiry is referred to the various papers of 
Matteucci in the Annales de Chimie^ and the Phuosophical 
Tramactiona^ and to the work of Dubois Reymond, or to the 
more recent systematic treatises on physiology. ^, 

§ VIII. Magnetio Polarization of Light — ^Diamagnetism. 

(322) Influence of Magn&tism on Polarized Liakt tt^am^miiUed 
through UncrystcJlized Transparent Bodies,— KwoL^ion has been 
already made (127) to ar peculiar kind of polarization to which 
light is subject, when transmitted through certain transparent 
media, which are under the influence of magnets of high power. 
Some transparent bodies are better fitted than others to exhibit 
this phenomenon. Some years ago Faraday prepared a peculiar 
kind of glass for optical purposes ; it consisted of a mixture of 
silicate and borate of lead, and was much 'denser thaif ordinary 
flint glass : this glass is particularly well adapted to display the 
effects of magnetic polarization. JiCt a piece of this glass which 
has been properly anneajled be cut into the form of a rectangular 
bar or prism, terminated by fiat parallel faces, and let it be placed 
between the poles of a powerful electro-magnet not in action, the 
axis of the prism being parallel to a line which joins the two 
poles — ^in fact in the direction of the keeper of a horse-shoe mag- 
net. A ray of polarized light may be transmitted along the axis 
of the glass bar, and if examined by an analysing plate in the 
usual manner (120) the light will disappear when . me plane of 
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reflection from the analysing plate is at ri^ht angles to tli^ plane 
of polarization. If, now, whilst the polarized ray is at the point 
of maximum obscuration, the soft iron be magnetized by the ac- 
tion of the battery, the light will instantly 
reappear, and if white light be used, the 266. 
reflected ray will be colonred. The mo- £1^^ 
ment that the connexion with the battery is M 
broken, the light will disappear ; bnt it will 
again become visible each time that the iron 
is rendered magnetic. If the north end of 
the magnet be towards the observer, the i 
rotation of the plane of polarization is to 
the right, as represented m fig. 256, No. 1 ; but if the direction 
of the magnetism be reversed, so that the south end is nearest the 
observer, the rotation is to the left, as in No. 2. 

DiflFerent bodies, when placed between the poles of an electro- 
magnet, possess this property of causing the ray to rotate in dif- 
ferent degrees, but all singly refracting solids and liquids manifest 
it : in magnetized gases, and m vaouo^ no such effects have been 
discovered. The extent of the rotation is, mterU jpar^Sbu%^ directly 
as the intensity of the magnetism, and as the length of the 
medium traversed by the ray. By placing the transparent bodies 
in the axis of a cou of wire conveying an electric current, the 
same effects are produced, but in a Tower d^ee : the more 
numerous the coils of the helix, and the longer the column of the 
transparent body which is traversed by the ray, the greater is the 
extent of the rotation. When an electric current passes round a 
ray of polarized light, in a plane perpendicular to the direction 
of the ray, it causes rotation of the ray in the same direction as 
that in wnich the current is passing. The interposition of bodies 
which are not susceptible of magnetism, between the coils of the 
helix and the transparent body placed in its axis, does not sensi- 
bly affect the polarizing action, b^t the interposition of a hollow 
iron core between th^ helix and the transparent body in its axis, 
in some cases greatly heightens the effect, in others it neutralizes 
it, the rotatory influence varying with the thickness of the core. 

Matteucci found that by elevating the temperature of a bar 
of heavy glass to about 600°, the rotatory power was increased 
by about one-third, when compared with the effect of the same 
bar at ordinary temperatures. Bertin {Ann, de Ckimie^ III. xxvii. 
31) gives tlfe following rotatory power for columns of equal lei^th 
of various bodies at ordinary * temperatures, assuming that of 
heavy glass as equal to 1 : — „ 

Heavy glass 1-00 

Perchloride of tin 0*77 

Bisulphide of carbon . 0'74: 

Terehloride of phosphorus 0*51 

Water ........... . 0-26 

Alcohol (sp. gr. 0-850) 0-18 . 

Ether . . . * 0*15 
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The salts of calcium, of zinc, and of magnesimn, as well as 
many other saline substances, increase the rotatory power of wa- 
ter, when added to it, the effect being proportioned to the strength 
of the solution. Verdet has determined oj careful measurement 
{Ann. de Chimie, III. lii. 129) the extent to which this rotatory 
power is possessed by various bodies in solution ; and the same 
observer has shown that the addition of a salt of iron to water 
diminishes the rotatory power of the liquid ; an aqueous solution 
of perchloride of iron, containing 40 per cent, of the salt, gives a 
negoMve rotation, which is five or six times as powerftil as the 
positive rotation possessed by water. Salts of chromium, titan- 
ium, cerium, uranium, and lanthanum produce a similar effect ; 
whilst the salts of nickel and cobalt, which are also magnetic, 
produce a positive effect, and increase the ordinary rotatory pow- 
er. Ferrocyanide of potassium, although it contains iron, exerts 
a positive rotatory effect. 

Bodies, such as oil of turpentine, which naturally produce 
coloured circular polarization (126) have the power exalted, anni- 
hilated, or reversed, according to the direction and intensity of 
the electric current which is transmitted through the coil. The 
polarization produced by magnetism differs from the ordinary 
coloured circular polarization shown by oil of turpentine in this 
remarkable particular — viz., that the magnetic rotation is always 
in the same direction as that of the current which circulates 
around the coil. 

Let dj fig. 257, represent a vessel filled with oil of turpentine 
endowed with right-handed rotation, and let 
Fig. 267. a J be a polarized ray. K the ray proceed 
from a to the observer at J, the rotation will 
of course appear to be right-handed to him, 
as shown by the circle, c ; and if from & to a, 
the rotation will still appear to be right-hand- 
ed to the observer at as shown by the cir- 
cle, d. If now a current be passed round e 
rf, in the direction of the circular arrow at 
the rotation to the observer at h will appear to 
be increased; while to an observer at a it 
will appear to be neutralized or reversed. 
(323) Ma^netimh of Bodies in aeneral. — It was formerly im- 
agined since iron was susceptible of magnetism in a high degree, 
nickel in an inferior degree, and cobalt in a degree still less, that 
all other substances might also be magnetic, although to an ex- 
tent so minute as to elude the ordinary means of observation. 
Moreover, as experiment had proved that a reduction of tempera- 
ture exalts the magnetic power of iron and of nickel, it seemed 
not unreasonable to anticipate that by extreme depression of tem- 
perature a point might be attained at which every species of mat- 
ter would snow itself obedient to the magnet. Experiments made 
upon this subject at very low temperatures have not, however, 
justified these expectations. The employment of magnets of un- 
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asnal power has, on the other hand, revealed the existence of e 
snsceptibility to this force in cases where under ordinary circum- 
stances it had not been observed. (Faraday, Phil. Trcma. 1846.) 

Before adverting to these experiments, it will be advisable to 
define clearly the aiflferent parte of the space between the two 
poles where the magnetic action is manifested. Let us suppose 
that we are looking down upon the poles, n, s (fig. 258), of a 
powerful horse-shoe magnet ; the space be- 
tween them has been termed by Faraday the 
TnagneHc field / the line, a x, will give the 
direction of its axis ; the line, e q, which is 
in the same horizontal plane, but at right 
angles to a x, will form the equaioT of the mag- 
netic field. A bar of iron suspended by its 
centre above such a magnet, will take a hori- 
zontal direction parallel to the axis, a x, and 
is said to point axiaUy. By using electro- 
magnets 01 enormous power (303) man^ bodies not usually re- 
puted to be magnetic wiH tate the axial position like a bar of 
iron. ,j(ForjBx^mple, if an elongated fragment of hsematite, or red 
oxide of iron, which is indifferent to a common magnet, be sus- 
pended horizontally at its centre by a few fibres of silk between 
the poles of such an electro-magnet, it will point axially ; even 
a sheet of writing-paper rolled up so as to form a short cylinder 
will, usually, owmg to the small quantity of iron or of cobalt that 
it contains, assume a similar direction. 

Faraday has found as a general rule that the salts of the mag- 
netic metals are themselves magnetic, provided that these metals 
enter into the hose of the salts. For mstance, crystals of green 
sulphate of iron placed in a thin glass tube, which is not mag- 
netic, will cause the tube to point axially. Such salts preserve 
their magnetic properties even when dissolved in water : if the 
solution be placed m a glass tube of the form shown in fig. 259, 
the tube, when suspended by a loop of copper 
wire and a few fibres of raw silk, will take an '^^^ 
axial position between the poles of the magnet. 
Solutions of sulphate of nickel and of sulpnate 
of cobalt act in a manner similar to the solu- 
tions of the salts of iron. The pure salts of 
chromium and of manganese have in like manner proved to be 
magnetic, and hence these metals themselves are inferred to be 
so, although, from the high temperature required to reduce them 
to the metallic condition, it is almost impossible to obtain them 
in such a state of chemical purity as would enable the fact to be 
verified by experiments upon me metals themselves in an un- 
^Qgajjbined state. 

(324) Diwmagnetimri, — All the magnetic bodies mentioned 
above are attracted indifferently by either magnetic pole ; and, 
if of elongated form, they place themselves with their longest 
diameter m the axial direction when suspended by their centre 
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between two contrary magnetic poles. It is, however, far from 
being true that all sabstances are magnetic. JBodies exist which, 
when brought near to a magnetic pole, are repelled instead of 
being attracted : such substances have been termed dtarruMnetics. ^ 
If a straw (s, fig. 260) be suspended horizontally by a silk fibre, 
and from one extremity of the straw a small jpiece 
Fio. 260. of phosphorus, p, be supported in a ring of fine 
• copper wire, repulsion oi the phosphorus will be 

produced indifferently by either pole. In such an 
experiment it will be found convenient to place a 
soft ir€to armature, bevelled off#to a blunt point, 
upon the pole of the magnet, in order to concen- 
trate the power, because the repulsive force is very 
i feeble when compared with the attractive power 

developed in iron. If a stick of phosphorus be 
suspended between the two poles of the electro- 
ma^et, it takes the equatorial position, assuming 
a direction at right angles to tKat of a bar of iron, 
the phosphorus being repelled by each pole to the 
greatest distance posfeible. Phosphonis, it will 
be observed, is a non-conductor of electricity ; but 
some of the metals, of which bismuth and antimo- 
ny are the most remarkable, exhibit this repulsive action in a still 
higher degree. Substances of an organic nature, such as slices of 
wood, apple, potato, or flesh, likewise show this diamagnetic 
power, though not strongly. In fact, all bodies which are not 
magnetic, CMibit diamagnetic properties. Owing to the feeble 
amount of these repulsive actions, it is necessary to screen the 

objects under experiment from the 
Fio. 261. influence of currents of air, by sur- 

rounding them with a glass case, as 
represented in fig. 261, in which 5 
represents a bar of bismuth, or other 
diamagnetic body, delicately sus- 
pended by a few fibres of unspun 
silk, c. The bismuth bar is shown in 
the equatorial position between the 
twt) poles of the electro-magnet, 
which project through apertures 
made lor their reception in the 
table. 

(i325) Diammgnetismof GaaeH, — 
The earlier experiments upon the 
gases, owing to the very small 
amount of ponderable matter to be 
acted upon, gave results which 
seemed to prove that they were in- 
different to the influence of the mag- 
net ; but subsequent researches have shown that even the differ- 
ent gases and vapours are susceptible of the diamagnetic influ* 
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ence in a d^ree which varies with the nature of the gas. (Fara- 
day, Phil. Mag. 1847, xxxi. p. 401.) 

The gases upon which experiments were made by Faraday 
appear to stand in the following order, beginning witli those 
which are least diamagnetic : — atmospheric air, nitric oxide, nitro- 
gen, carbonic acid, nitrous oxide, carbonic oxide, hydrogen, coal 
gas, olefiant gas, hydrochloric acid, ammonia, and chlorine. 

Elevation of temperature exalts the diamagnetic condition, — 
a stream of hot oxygen appearing to be diamagnetic in an atmos- 
phere of cold oxygen. A similar result "^as obtained with all 
such gases as weife compared with each other at high and at low 
temperatures. On the other hand, depression of temperature 
lowers the diamagnetic force, so that a current of cooled gas when 
allowed to flow into a warmer atmosphere of the same kind, 
takes an axial position in the magnetic field. If a stream of one 
gas be allowed to escape into an atmosphere of a second gas more 
diamagnetic than itself, the less diamagnetic gas takes the axial 
position ; when atmospheric air, for instance, is made to flow into 
coal gas, the air takes the axial or magnetic position between the 
poles; though air itself would take the equatorial position in 
oxygen gas. The diamagnetism of ^ases was first indicated in an 
experiment by Bancalari : he found that the flame of burning 
bodies was influenced by the action of a powerful electro-magnet. 
This effect is beautifally exhibited by simply placing the flame of 
a taper, or of any combustible substance, between the poles of 
the magnet, when in action ; the flame appears to be repelled 
towards either side by the poles, and if the magnet be suflSciently 
powerful, the flame divides into two streams which pass on 
norizontally, one on either side, in the equatorial direction. If 
the taper be extinguished, whilst the wick still continues to glow, 
the ascending column of smoke when placed between the poles 
of the mamet exhibits these motions equally well. . 

The following simple contrivance was employed by Faraday 
• to show the position assumed by the different eases. A bent 
tube conveyed the gas for experiment in a very slow but contin- 
uous stream into tne centre of the magnetic field ; generally a 
piece of paper, moistened with a solution of ammonia, was placed 
% in the bent tube. Supposing the gas to be lighter than air, three 
wide glass tubes, open at each end, and three or four inches long, 
were suspended with their lower aper- 
tures iniihe equatorial line^ as represented 
in fig. 262, with the middle tube just 
above the bent tube for £he delivery of 
the gas. In each tube a piece of paper 
moistened with hydrochloric acid was 
suspended. The whole was screened 
from currents of air by plates of glass. 
So long as the iron was not magnetized, 
the gas fiowed readily up the axis of 

the middle tube ; but on bringing the electro-magnet into action, 
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the gas, instead of passing directly np the central tnbe, was, when 
more diamagnetic than air, diverted into each of the side tubes ; 
and the currents were rendered visible by the white ftimes pro- 
duced when the ammonia carried by the gas came into contact 
with the vaj^ours of the acid contained in the tube. If the gas 
under experiment were heavier than atmospheric air, the position 
of all the tubes was inverted, and, in place of amending currentB, 
descending currents were obtained. Tha^ction of the magnet 
upon the diflFerent gases was also shown by blowing soap bubbles, 
filled with each gas for trial, upon the end of a capillary tube, 
and bringing the suspended bubble near to the pole of the mag- 
net ; on completing the circuit the bubble was attracted or re- 
pelled accordmg as the gas was magnetic or diamagnetic. 

By suspending a feebly magnetic glass tube, attached to the 
thread of a delicate torsion balance, between the magnetic poles 
successively in oxygen and in vacuo^ E. Beequerel {Ann, de 
Chrniie^ III. x^viii. 324^ found that the tiibe was less strongly at- 
tracted in oxygen than m the exhausted receiver, and by varying 
the experiment in different ways he succeeded in proving that 
oxygen is a decidedly magnetic body ; he has calculated that a 
cubic metre of oxygen, wnich at 32° F. and 29*92 inches Bar. 
weighs 22015 grains, if it were condensed till it had a specific 
gravity equal to that of iron, would act upon a magnetic needle, 
with a force equal to of a little cube of iron weighing 8J 
grains ; or that the magnetism of oxygen is to that of metallic 
iron as 1 : 2647. He computes that tSie magnetic effect of the 
oxygen in the air is equal to that of a shell of metallic iron 
of an inch in thickness surrounding the globe of the earthT^ 

The fact of the magnetism of oxygen was first suggested by 
Faraday {Phil. Mag.^ 1847) and was amply proved bv him 
{Phil. Trans,^ 1851, p. 23), independently of Secquerel. fie has 
further ascertained that, like iron, it loses its magnetism when 
strongly heated, but recovers it when the temperature falls. In 
this diminution in magnetic intensity as the temperature rises, he 
considers, probably lies the explanation of the diurnal variations 
of the needle, the cause of which has so much perplexed magnetic 
observers : the e^lanation is, however, not regarded as adequate 
by some eminent magneticians. 

(326) The following table contains a list of various sub- 
stances, arranged in the order of their magnetic* and diamagnetic 
powers, as approximately determined by Faraday : — 

* Faraday regards all substances as magnetic, and designates those substances gen 
erally termed magnetic, as jMzramagnetic, in contradistinction to those which are dia 
magnetic. 



1IA0NETIO AND DIAlfAGNBTIO BODIES. 



495 



Iron 

Nickel 

Cobalt 



Chromium 
Cerium ^ 
litanium 
Palladium 
Crown glass 
Platinum 
Osmium 
Oxygen 



Nitrogen. I'*" 



Bismuth 
Phosphorus 
Antimony 
Zinc 

Silico-borate of lead 
Tin 

Cadmium 

Sodium 

Flint glass 

Mercury 

Lead 

Silver 

Copper 

Water 

Gold 

Alcohol 

Ether 

Arsem'c 

Uranium 

Ehodium 

Iridium 

Tungsten 



It is worthy of particular remark that the same substance 
may appear to be either magnetic or diamagnetic according to 
the nature of the medium in which it is placed. If a glass rod 
be suspended horizontally in a vessel of water which is a strongly 
diamagnetic body, it will point axially, like a rod of iron ; where- 
as the same rod, if suspended in a solution of sulphate of iron 
which is magnetic, will point in the equatorial direction. fTn like 
manner a tuoe containing a solution of sulphate of iron will in 
pure water seem to be magnetic, while in a still stronger solution 
of the sulphate it will act as a diamagnetic substance ; just as a 
soap bubble filled with carbonic acid, which is' heavier than air, 
will fall to the ground, while if filled with hydrogen, which is 
much lighter than the atmosphere, it will ascend. 

Air, in consequence of its containing oxygen in an uncombined 
condition, is a magnetic substance. 

(327) The same dements in combination may he Magnetic or 
J)iamagn£Uc according to the nat'wre of the Comjmmd, — One of 
the most interesting peculiarities of diamagnetism is exhibited in 
the circumstance tnat the same body may assume the magnetic 
or the diamagnetic state according to the nature of the compound 
which it forms. A metal may, for example, occur as the basis or 
electro-positive constituent of a compound, or it may enter into 
the composition of those substances which form the acid or elec- 
tro-negative constituent of the compound. A good illustration 
of the difterence thus produced occurs in the case of iron. Iron 
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acts as a base in the crystals of green vitriol CFeSO^+TH^O) of 
which the metal forms about a fifth by weight, and it gives to 
them a decidedly magnetic power; but in the yellow ferrocy- 
anide of potassium (K^,-^Cy,+3H,(?), which also contains iron, 
to the extent of more than an eighth of its weight, the crystals 
are diamagnetic. The iron in this case occurs in tne electro-n^ar 
tive constituent of the salt, and not as a base.* In the same 
way, acid chromate of potassium (K^CrO^jGrO^)^ where the chro- 
mium forms part of the acid, is dian^agnetic, while the sulphate 
of chromium (Or^SSO^)^ where the metal acts as a base, is deci«« 
dedly magnetic. Some of the compounds of cobalt exhibit anal- 
ogous differences. 

(328) Injlicence of Structwre on Diamagnetism. — ^In prose- 
cuting this subject, Tvndall and Knoblaucji {PhU. Mag.^ 1850, 
vol. xxxvi. p. 178, and xxxvii. p. 1) have been led to the conclu- 
sion that a substance may appear to be either magnetic or dia- 
magnetic according to the arrangement of its com^nent parti- 
cles. It must not,Tiowever, be supposed that there is not a real 
distinction between the two classes of substances ; but that, under 
certain circumstances, a truly ma^etic body may appear to bfe 
diamagnetic and a body truly diamagnetic may appear to be 
magnetic. The following experiment majr be cited in order to 
explain this point. A small flat circular disk was prepared with a 
paste of wheaten flour ; and in this disk a number of short pieces 
of iron wire were placed, all parallel to each other, and all pass- 
ing from one surface of the disk to the other, perpendicularly to 
its two faces. This disk was suspended: from a fibre of silk, by 
its edge, in a vertical direction, between the poles of an electro- 
magnet; but though it was undoubtedly magnetic, the plate 
placed itself with ite faces parallel to the equator of the magnetic 
neld. Each of the short pieces of wire, however, had assumed 
the axial position, although the disk as a whole arranged itself in 
a diamagnetic position. 

When a similar disk was prepared in which threads of bis- 
muth were substituted for the iron wire, the disk placed itself in 
the ma^etic direction with its faces parallel to the axis of the 
magnetic field. The bismuth, however, is unquestionably dia- 
magnetic, and each of the pieces of this metal which the plate 
contains assumes the diamagnetic direction. 

The conclusion which Tyndall and Knoblauch draw from 
these experiments is, that if in a ma^etic or in a diamagnetic 
mass, there be one particular direction in which the particles 
which compose it are more closelj^ approximated to each other 
than in any other direction, the Ime which corresponds to this 
direction of greatest density will be the one in which the mag- 
netic or diamagnetic action is most strongly marked. One of 
the experiments made in support of this view is the following : — 

* It is, however, remarkable that the red ferricyanide of potassium is, according to 
Pliicker's observation, distinctly, though feebly, magnetic. Faraday enumerates it 
among the diamagnetic class. 
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Powdered bismuiih was formed by means of gum-water into a 
mass sufficiently coherent to be worked into a small cylindrical 
bar about an inch long and a quarter of an inch thick. When 
this cylinder was suspended by its centre in a horizontal direction 
between the poles of the electro-magnet, it pointed equatorially as 
an ordinary bar of bismuth would have done ; but when this same 
cylinder was compressed laterally, so as to form a flat plate, it 
assumed a direction with its face parallel to the axial position, 
though its length in some cases, was ten times as great as its 
thic£iess. 

Again, carbonate of iron is a magnetic body : if reduced to 
fine powder and formed into a cylinder similar to that made with 
the bismuth, it will point axially, or like a magnet, between the 

5)ole8 ; but if compressed into a plate, this plate will set with its 
laces parallel to the equatorial direction. Here, in each case, 
those parts in which the particles of the bismuth, or the salt of 
iron, are by compression brought the nearest to each other, are 
those in which the diamagnetic or the magnetic action , predomi- 
nates. It is by an application of this principle that Tyndall and 
Knoblauch account for the fact discovered by Pliicker, that in 
aU crystalline bodies belonging to those systems which exercise a 
doubly refractive influence on light, the optic axis assumes a defi- 
nite direction under the influence of the electro-magnet. Assum- 
ing that the optic axis of a crystal is the direction in which the 
pf^cles of the crystal have experienced the greatest degree of 
condensation, the effects obtained by experiment admit of expla- 
nation. The position assumed by the optic axis is not uniformly 
the same in different specimens of the same substance, though in 
the same specimen it is always the same. For example : Iceland 
spar, when pure, is a diamagnetic substance ; but, if it contain 
carbonate of iron, it exhibits magnetic properties. In the course 
of their researches, Tyndall and Knoblauch took pieces from sev- 
eral specimens of Iceland spar, some of which were ma^etic, 
others diamagnetic. These different samples were cut in the 
form of disks, or flat circular plates, the surfaces of which were 
parallel to the optic axis of the crystals. When the disks were 
suspended horizontally at their centres between the poles of an 
electro-magnet, so that the optic axis of the crystal was in a hori- 
zontal plane, each disk always assumed a determinate direction. 
When the disk was taken from a magnetic crystal, the optic axis 
placed itself axially between the poles ; when from a diam^netic 
crystal, the optic axis assumed the equatorial direction. iSius it 
appears, that whether the crystal be magnetic or diamagnetic, 
tne action is exhibited in each case most powerfully in the direc- 
tion of the optic axis, which is assumed to be the line in which 
the particles are most closelj approximated to each other. Far- 
aday has shown that the directive force of the crystal, whether 
ma^etic or diama^etic, diminishes as the temperature rises. 

(329) Lorn of Viammgnet/ie Bepvlsion. — ^It has been ascer- 
tained by E. Becquerel and by Tyndall, that the diamagnetic re- 
pulsion, as measured by means of the torsion balance, is as the 
82 
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square of the intensitj of the current. The phenomena of dia- 
magnetism ma^ be accomited foTj as was remarked hj Faraday, 
on the supposition that electric currents are circnlatmg around 
the particles of the diamagnetio bod^ in a direction the reverse 
of those which are supposM to exist in magnetic bodies, though 
he was unable to satisiT himself^ by experiment, of the existence 
of such polarity ; but me experiments of Seidi, of Web^,* and 

* The princ^ ot WeWt betntiM apptratns, with which TyndaQ's dedMreez- 
perimentB wm mado^ will be understood withoat diflSooltj. Let h, h' (fig. 268) repn- 
aent two nndlfic Wtioftl helicee of copper wire ; a^bfC^dj two bars of bismuth cr 
other disnmgnetfe body attached to oonb which pass over the wheels w, w', so that 

Feo. S6S. Fio. 264. 




fhey can, by morfaig one of the wheels, be phMsed, at pleasure, in dther of the portions 
sl^own in fig. 266, 1 and 2. n < represents one of & imir oi bar magnets, arranged as- 
tatically, and delicately suspended side by side by a few fibres of unspun silk, t. m is 
a mirror attached to &e centre of the magnet, and by viewing a scale reflected in this 
mirror through a tdescope at a distance of 8 or 10 feet, the smallest deflection of the 
magnets may be estimated and measured. On transmitting a voltuc current from one or 
two of Grove's cells throng the coUs in opposite directions, the bismuth bars within the he- 
tices will become diamagnetized; and by caieftdly raising or lowering the astatic bars it«^ 
fn» shown in section wi£tfaoooil8 H,H',in fig. 264, until they are opposite the middle of 
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of l>aidall {PhU. Trcma.^ 1855, 1856), appear to have proved 
conclusively that bodies which are nnder diamagnetic influence, 
exhibit polar characters. The polarity of these bodies is such 
that a diamagnetic substance possesses a feeble magnetic polarity, 
the magnetism of each pole being airmlar to that of the pole of 
the inducing magnet in its vicmity : whereas in an ordinary 
i magnetic substance the inducing magnetism is oppoeite to that 
I ^uie magnetic pole by which the magnetism is elicited. 

(330) Deimite Qtumtitj/ of Force; Indestmotihilij^ of Ibree : 
' Mutual HelcUiom of Different Kmds of Force. — -The progress 
of philosophical inquiries for many years past has been of such a 
nature as to produce a growing conviction in the minds of the 
active cultivators of science, that force is equally indestructible 
with matter ; and that, consequentlv, the amount of force which 
is in operation in the earth (probably in the solar system), is as 
definite as that of the material elements through wmch its exist- 
ence is made known to us. 

That the quantity of force associated with matter is definite, 
may be illustrated in various ways ; one or two examples must 
suffice. The first which we will select will show the fixity in the 
proportion of heat which is associated with a given quantity of 
matter. A pound of charcoal, when burned with a free supply 
of air, combmes with 2| lb. of oxygen, and produces 3| lb. of 
carbonic acid. The chemical action produced by this combustion 
is attended with the extrication of a definite quantity of heat : 
and this amount of heat, if it be applied without loss, is sufficient 
to convert 12^ lb. of water at 60°, into steam at 212° F. : associ- 
ated with each pound of charcoal there must therefore be a defi- 
nite amount of^ power, which is brought into action when that 
charcoal is burned. A different but equally definite amount of 
heat is emitted when a pound of phosphorus, of sulphur, of hy- 
drogen, or of any other combustible is burned with free access of 

the coils, a position may be found in which the magnets become indiffmnt to the action 
of the current. If, whilst the apparatus is thus arranged, the wheel w be turned to the right, 
the bismuth bars will be brought into the position, fig. 266, 1, and a deflection of the astatic 
magnets will be effected. The lower end, 6, of one bismuth bar, if polar, would be 
(firom the reversed direction of the currents in the helices) in the same condition as the 
upper end, e, of the other bismuth bar, and each will therefore attract one particular 
end, say the north, of each magnet composing the astatic combination, and would re- 
pel the soutii end ; each conspiring to produce a deflection of both magnets in the same 
direction : but on turning the wheel to the left, so as to bring the bismuth bars into the 
position shown in 266, 2, the astatic combination will be deflected to an equal extent 
m the opposite direction. 

These efiects are most marked with bodies like bismuth and antimony, which have 
the greatest diamagnetic energy ; but they are also distinctly Bhown even ul non-con- 
ducting bodies, such as heavy glass, phosphorus, and sulphur. 

If solid bismuth ^ve a deviation which is represented by 76 divisions of the scale . 
employed, the following table will represent the action, foond by Tyndall, of the otiiet* 
bodies enumerated in it : — 



Bismuth.... 76 

Powdered bismuth 87 

Antimony 13.6 

Bisulphide of carbon 6.6 

White marble • 6 



Heavy glass 4 

Phosphorus 4 

Distilled water 4 

Calo-spar 2 

ITitre 1.7 
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air (199 et %eq). The quantity of electricity associated with a 
given quantity of matter is equally definite (282). When a piece 
of amalgamated zinc is placed in voltaic relation with a plate of 
platinum in diluted sulphuric acid, for each pound of zinc which 
18 dissolved, a quantity of electricity is liberated, by means of 
which a pound of metallic copper may be separated Irom the so- 
lution of a sufficient quantity of the sulphate of copper, or 3f lb. 
of silver may be reduced from a solution of nitrate of silver. 

But it appears fiirther, that there is no such thing as a de- 
struction of force. The cases in which a superficial examination 
would lead to the conclusion that force is annihilated, show on 
closer investigation that such a supposition is erroneous. The 
only mode in which we can judgp of the existence of a force is 
from the efifects which it produces, and of these effects that which 
is most imiversal is the power either of producing motion, of ar- 
resting it, or of altering its direction : whatever possesses this 
power has been looked upon as a form of force. Motion is con- 
sequently regarded as the signal of force. There is no difficulty 
in showing tnat gravity, elasticity, cohesion, and adhesion, are all 
forces in the sens^ of the above definition. But even the more 
subtle and complex agents — ^light, heat, electricity, ma^netisni, 
and chemical action, are all capable of originating motion, and 
may thus fairly be admitted under the defimtion of force above 
given. ^ 

If we except the case of light, for which, when it has disap- 
peared by absorption, no satisfactory account has yet been ^ven, 
it will be found that in all cases in which force disappears, it has 
expended itself either in eliciting or setting into action an equiv- 
alent amount of some other force, or else it has temporarily dis- 
appeared in producing a definite amount of motion. In* this case 
it IS especially to be remarked that the amount of motion which 
it has thus brought into action, when that motion is destroved, 
will again give nse either to an equal amount of the force which 
originally produced it, or to an equivalent quantity of some other 
manifeatation of force. 

For example, the chemical action between charcoal and oxy- 
gen terminates as soon as the charcoal is wholly converted into 
carbonic acid ; and a quantity of heat, which is eqmValent to 
that amount of chemical action, remains as the representative of 
the force thus expended. The heat which has thus been devel- 
oped is ready to do other work ; it may be employed in convert- 
ing a certain quantity of water into steam, and the steam so ob- 
tained can be applied to the production of motion, the amoimt 
of which may be measured by determining the number of pounds 
weight which can be lifted through a given distance by the steam 
thus produced. Motion may again De made to prqduce heat, 
and, as Joule's experiments show, the quantity of neat thus de- 
veloped is strictly determined by the amount of motion which is 
applied to its development. 

It appears, however, not only that force is definite in its 
an^ount, and indestructible in its essence, but that many of the 
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inore important varieties of force are intimately related, and are 
capable in turn of eliciting each other. The forces amongst which 
such mutual relations have been experimentally proved to exist 
in the closest manner, are those of light, heat, electricity, magnet- 
ism, and chemical attraction. The transfer of any one of fliese 
forces from one point to another, or, in other words, the exertion 
of anv one of these forces, is always attended with a collateral 
manifestation of one or more of the other forms of forice.^ In the 
action of a voltaic circuit, consisting of a single pair of plates of 
zinc and platinum, the solution of a certain quantity of zinc, or 
the chemical acUan between the zinc and the acid, may be made 
to develop several forces — viz. : 1. Electricity^ but there is no 
direct manifestation of this forfSe so long as the circuit is closed. 
2. Gherrdcal action : if a voltameter, charged with a solution of 
sulphate of copper, be interposed in the circuit between two elec- 
• trodes of copper, a certain quantity of copper, corresponding to 
the zinc which is beinff dissolved in the battery, will be deposited 
on one electrode, whilst a corresponding amount of copper will 
be dissolved from the other electrode. Here is a chemical action, 
which corresponds in amount to that which ^is taking place be- 
tween the zmc and sulphuric acid in the active cell oi the bat- 
tery. 3. Ma^gneUsm : if the connecting wire be coiled around a 
piece of soft iron, the iron will become powerfully magnetic for 
the time during which the current is traversing the conducting 
wire. 4. Heat: if, whilst the voltameter, the electro-magnet, 
and the galvanometer are still included in the circuit, part or the 
t^ircuit be composed of a thin wire which traverses the bulb of 
Harris's air thermometer, an elevation of temperature in the wire 
proportiojied to the amount of electricity in circulation will be 
obtained, but in proportion to the quantity of heat evolved tlie 
chemical action is lessened, and the power of the magnet is re- 
duced ; and 5. Light : on interrupting the connexion of any part 
of the circuit, a bright spark is obtained. Chemical attraction, 
then, while in operation, can throw a current of electricity into 
circulation, and a current of electricity will develop an equivalent 
amount of magnetism in a direction at right angles to such cur- 
rent. It also produces in conductors, heat proportioned to the 
resistance which it experiences, and if the heat be sufl5eiently in- 
tense, it is attended with the emission of light. 

The observations of Favre already quoted (280) showing the 
dependence of the quantity of heat evolved in any given circuit 
upon the amount of magnetic or mechanical work which it is 
producing, afford interesting additional pro6fs of the important 
proposition that force is never really either generated or de- 
fltroyed. Man has but the power to elicit it when latent, to 
transfer its* energy to new points, or to change the form of its 
manifestation so as to obtain an equivalent amount of power 
under new conditions. 

The more closely the investigation is followed in this direc- 
tion, the more completely is the truth of this principle rendered 
manifest. Thus Soret {jOomptes Rendvs, xlv. 301) transmitted a 
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continuoxis electric current through portions of conductors which, 
like Ampere's wires (fig. 236), are firee to obey their mutual im- 
pulse of attraction and repulsion ; and he found that if the move- 
able conductors were allowed to approach each other in accord- 
ance with the direction of the attraction, a diminution of the in- 
tensity of the current is observed during the occurrence of this 
motion, — a portion of the intensity of the current being expended 
in the production of motion. If, on the other hand, a compul- 
sory movement in opposition to the attractive force is eflfected, 
the intensity of the current is increased during the act of move- 
ment. 

Again, the same observer found, as might indeed have been 
anticipated from Faraday's magneto-electric researches (311), that 
if a batterv in connexion with a helix be in conducting comi^uni- 
cation with a galvanometer, the current through the galvanom- 
eter is reduced during the introduction of a soft iron core into 
the axis of the helix ; but it is increased at the moment of with- 
drawing the iron core. The introduction of a non-magnetic sub- 
stance, such as a core of copper, produces no sensible effect. 

We have already traced briefly the evolution of electricity 
from chemical action ; and Faraday has further shown that the 
electricity developed by friction in the ordinary electrical msr 
chine produces either a corresponding amount of magnetic action 
on the needle of the galvanometer, or an equivalent amount of 
chemical decomposition in electrolytes through which it is trans- 
mitted (297) ; whilst in the fusion of metallic wires we have evi- 
dence of its heating power, and in the electric spark we see its 
agency in producing n^ht. 

Thie experiments oi Faraday, followed by those of other phi- 
losophers, nave proved that the motion of a magnet of a given 
strength, under certain conditions, produces, in a closed metallic 
conductor, a definite current of electricity, and through the elec- 
tricity thus set in motion, light, heat, and chemical action may 
be developed, as is beautiftdly shown in the magneto-electric ma- 
chine (315). 

On the other hand, heat may be made to develop electricity ; 
and the thermo-multiplier (317) of Nobili and Melloni shows that 
the current of electricity which is produced is exactly propor- 
tioned, casteris parilmsy to the amount of heat by which it is ex- 
cited. The ignition of solid matter shows that heat may elicit 
light under favourable circimistances. It further apj^ars that 
heat may excite chemical action ; and as it may also give rise to 
a current of electricity, through that current of electricity it may 
produce the development of magnetism. 

Liffht may produce important chemical actions, but these ac- 
tions nave only in a few cases been reduced to a form in which 
they can develop electricity, magnetism, or heat. The definite 
connexion of light with tne other forces, and the quantitative 
valuation of that relation still remain to be wrought out. In- 
deed, the subject appears to offer a field for research, difficulty 
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Conductivity voltaic, of liquids, 411 

" " of metalB, 407,408 

Contact of metals, electric excitement, 878 
" not necessary to voltaic 
action, 881 

Convex lens, 184 
Convection of electricity, 866 

« of heat, 218 

" voltaic, 418 
Cooling, law of, by radiation, 222 
Copper, chloride, spectrum of, 144 
" electrolytic, deposit of, 880 

sheathing, voltaic protection of, 880 
Cornish boiler, 211 
Correction of gases for pressure, 48 

" " temperature, 200 

for weighings in air, 84 
Counter-currents, voUiw*, 884, 886 
Crown of cups, Volta's, 872. 
Cryophorus, 268 

Crystalline form developed by solution, 101 
structure, developed by heating 
and cooling, 101 
Crystallization, 94 

light emitted during, 128 
purification of salts by, 97 
** sudden, 97 

Crystalloids, 74 
Crystals, axes of^ 106 
" biaxal, 170 

broken, reparation of, 99 
*V classification of; 107 
" cleavage of, 102 

doubly refracting, expansion of 
by heat, 187 
" how modified during formation, 98 
** how procured, 96, 96 
" mod^cation of; Pasteur*8 experi- 
ments on, 98 
" primary and secondary forms of, 
102 

" principal section of; 170, note 

structure of, 102 
" symmetry of, 105 , 
uniaxal, 170 
Cupping-glass, action of, 47 
Current affinity, 488 

Curves of pressure of condensed gases, 290 
Cylinder electrical machine, 886 

Dalton's atomic theory, 14 

law of tension of vapours, 274 
Darnell's hygrometer, 281 

" pyrometer, 197 

" vc^taic battery, 887 
Darkness produced by interfering lights,* 165 
Declination or variation of a magnet, 820 
Deep sea sounding, 50 
Definite proportion, law of, 12 
Deluc*s pile, 447 

Dendty of atmosphere, decrease of idth 
altitude, 60 

Desiccation of gases, 84 

Deville and Troost, specific gravity of va- 
pours, 207 

Dew, theory of, 221 
point, 280 



IMalyBis,76 
Diamagnetism, 491 

a polar force, 499 
« effect of structure on, 496 
influenced by flmction, 496 
Diaphragms, use of; in voltaic battery, 887 
Diathermacy, influence of structure on, 228 
of gases and vapours, 226, 227 
of solids and liquids, 226 
Diathermic bodies bad radiators, 229 

or diathmnanous bodies, 224 
Dichromic media, spectra of solutions, 189, 
140 

Dido struck by lightnings 860 
Didymium, spectrum of solutions of; 140 
Dielectrics, 826 
Differential galvanometer, 406 
" thermoeoope, 192 

radiant heat mea- 
sured by, 219 
Diffusion, Dalton^ theory of, 98 

" dec<nnpodtion of double salts by 
70 

^ of gases, 86 

aooeloated by heat, 88 
of liquids, laws of; 68 
" separation of gases by, 87 
" " saltoby, 70 

" volume of a gas, 87 
Dilatation, incareasing ratio of; with rise of 

temperature, 196 
Dimorphism, 182 

influoioe of oa heat ot com 
binaticm, 801 
Dipping-needle, 820 
Discha^ing-rod, 841 
Disguised dectricity, 882 
Dispersion of light in spectrum, 140 

metallic wires by electricity, 
860 

Displacement by chemical action, 9, 10 

Disruptive electric discharge, 860 

Dissected battery, 898 

Dissection of crystals by sotvents, 100 

Distillation, 268 

Divisibility of matter, 4 

Double diaphragm voltameter, 424 

decomposition, 28 

refraction, 168 

weighing, 29 
Doubly oblique system of crystals, 112 
Ductility^ 58 

Dumas' method oi taking specifio gravity 

of vapours, 204 
Dyad dements, 20 

Eabth, conducting power of; for oorrents^ 
461 

" magnetism of; 819 
Ebullition, 254 

Effusion of gases and liquids, 89 
Elasticity, law of; 86 
" of gases, 86 

ofUquidsandsoUd8,85, 86 
Electric battery, 841, 851 
brush, 855 
caUe, 462 
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Electric battery, delay of ngnaU in, 408 
^ diarge, dissipation o^ 865 
distribution of, 888 
" conduction, 848 
« conductors, 825 
" currents, direct and inverse, 466, 

m 

mutual actions of, 466 
" primary and seconduy, 
466, 476 
discharge, 847 

in vacuo, maenelio ac- 
tions on, 472 
excitement by chemical action, 868 
** induction, 880 
^ insulators, 825 
lamp, 414, note 
light, spectra of, 152 
shock, 841 

spark, shadow o^ 469 
" " spectra of; 146 
" telegraph, 461 ei seq. 
Electrical attraction and repulsion, 824 
balance, 845 
" condenser, 840 
conduction, 848 

«* kite, Franklm»s, 860 
" machines, 886 

repulsion traced to induction, 887 

theories, 828 

theory of chemical attraction, 487 
Electricity, animal, 486 

" atmospheric, 860 
from friction, 828 
from heat, 868 
^ from pressure, 857 
" of vapours, 869 
** quantity required for chemical 

decomposition, 447 
^ resinous or negative, 824 

static and voltaic, compared, 
446 

" two khids of; 828 

vitreous or positive, 824 
Electrics, 828 

ElectroKshemical order of elements, 878 
Electrode, 418 

Electro-dynamic cylinder, 465 
Electro-gilding, 446 
Electrolysis by ordinary machine, 446 
definite amount of; 421 
" " duwtiQn of; 420 

laws of, 419 
** of basic salts, 428 

of monobasic salts, 427 
of polybasic salts, 427 
" of salts, 428 
" secondary results of, 488 
" supposed generation of add, 
by, 426 

" variation in fiicility o^ 421 
laectrolyte, 418 

f^ctrolytes, table of classes of; 427 
Electrolytic decomposition of gases, 478 
Electro-magnetic action, law o^ 450 
" " rotations, 458 



Electro-magnetism, laws of; 464 

magnets, how formed, 452 
Electrometer, balance, 846 

Coulomb's, 826 
Lane's discharging, 844 
" Peltier's, 827 
quadrant, 840 
Electro-motive force, 877 

how measured, 408 

Electrophorus, 887 
Electro-plating, 448 
^ platinmng, 445 
" positive and electro-negative ele 
ments, 878 
Electroscope, 824 

^ Bohnenberger's 448, note 

gold-lea^ 826 
" single gold-lea^ 876 
Electrotype moulds, 442 

•* or voltatype, 440 
Electrotyping of non-conductors, 442 
Electrovection, 481 
Electro-zmcing, 448 
Elements, non-metallic, list of; 2 

popular and chemical, 1 
Endosmosis of gases, 92 
" offiquids, 71 
Equatorial magnetic position, 491 
jBqui-difiKisive salts, 69 
Equilibrium of temperature, 207 
Equivalent, chemical, what, 16, 19 
Equivalents of compound bodies, 28 

of dements, table o^ 17, 18 
Equivalent proportions, law of; 14 
Ether, compressibility of, 86 

eUstic force of vapour, 289 
latent heat of, 265 
Evaporation from solids, 276 

influence of pressure on, 277 
" " of surface on, 277 

" limit of, 276 
" of mixed liqmds, 278 
spontaneous, 279 
Exhausting syringe, 89 
Exosmosis of liqidds, 71 
Expansion by heat, force exerted by, 198 
practical applications 
of, 199 

of bodies m solidifying, 100 
Extraordinary ray of light, 169 

Factors, Greenwich, for wet-bulb hygro- 
meter, 288 

Fahrenhdt's thermometer, 198 

Faiaday's theory of electric induction, 882 
heavy glass, magnetic polariza- 
tion, by, 488 

Ferricyanide of potassium, electrolytic pro- 
duction of, 485 

Fire-balloon, 214 

Firefly, 122 

fixed fines in spectrum, 141 

points of thermometers, 198 
Flame, diamagnetic, 498 

its action in dispersing electricity, 
864 

measurement of Its temperature, 482 
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Flame, Yoltaic currents in, 418 

Flow of liquids through capillary tubes, 

lletieq. 
Fluidity, heat of, 262 
Fluorescence, 166 

" mode of testing body for, 1 68 
Fluorescent rays, inactive spaces in, 148 
Focus of mirror or lens, 181, 184 
Force, indestructible, 600 
" quantity of; definite, 499 
transformations of, 601 
Forces, molecular, some varieties of, 86 
Formula, chemiod, 26 
Franklin*s lightning conductors, 860 

electrical theory, 828 
Fraunhofer*s lines in the solar spectrum, 
141 

" " KirchhoflTs theory of; 

168 

Freemng-machine by ammonia, 262, note 
" by ether, 261, note 

mixtures, 247 
of water in vacuo, 262 
" pomt of water lowered by salts, 260 
process of, 261 
French weights and measures, 28, 29 
Friction, 66 

development of heat by, 181 
Prog, Galvani's experiment on, 864 
Fusible metal, expands on solidifying, 100 
Fusing pomts, how affected by pressure, 249 
" " of mixtures lower, 248 
" " table of, 248 
" " why fixed, 248 

Gallon, imperial, defined, 28 
Galvanism, 866 
Galvanometer, astatic, 868 

differential, 406 
how graduated, 869, note 
principle of; 867 
Gas battery. Grove's, 886 

** holder, 47 
Gases, absorption of by charcoal, 88 
M adhesion of to solids, 82 
" " to Hquids, 81 
" ooeffident of absorption of; 81, 82 
" condensed, table of, 290 
^* conductivity of; for heat, 210 
cooling effects of; 222 
correction of, for pressure, 48 

^ for temperature, 200 

desiccation o^ 84 
diamagnetism of, 492 
« diathermacy of, 226 
t* differ in electric insulation, 864 
« diffhfflon of, 86 
efiusion of, 89 
^ elasticity of, 86 

electric induction uniform In, 847 
expansion of; by heat, 190 
Uquefaction o^ 284, 286 
« modes of diying them, 84, 86 

passage of, throu^ diaphragms, 92 
refractive powers on li^t, table oL 
188 

Bolubmty of; 81 



Gases, speMe gravity o^ how determined, 

201 

« heat of, 287 
transpirability of; 89 
voltaic conductivity of; 418 
Gassiot's electric cascade, 470 
Gauge of air pump, 48 
Gauges for compressed gases, 287 
Ghiciers, theory of thdr motion, 262, note 
Glaisher's factors of wet-bulb hygrometei^ 
288 

Glass, absorptive action of, on radiant heat, 
280 

compressed, effects of; on polarized 

light, 177 
conducts electricity at red heat, 412 
expansion of; by heat, 188, 196, 

20^, note 
specific heat o^ 288 < 
Glow-worm, 122 
Gold, divisibility of, 4 
Goniometers, 108 

Wollaston's reflecting, 104 
Gramme, 29 

Gravity diminishes towards equator, 28 
^ how appHed to standards of wd^t, 
28 

spedfic (see specific gravity^ 80 
Ground ice, 221, note 
Grove's voltaic battery, 889 
Gulf Stream, 216 

Gutta-percha insulator for electric cable, 462 
Gymnotus, 486 

Habdniss, Mohs' scale of, 68 
Heat absorbed during evaporation, 268 
" " " solution of salts, 812 
amount of; radiated from the sun, 181, 
217, 246 

of combination, experiments of An- 
drews on, 296 
« ^< experiments of Fa- 

vre, 298 
conduction of soHds, 208 
" conductivity o^ varies in different di- 
rections, 211 
convection of, 212 

developed by electric discharge, 849, 
868 

" " by voltdc current, 866, 
409 

" distribution of, in spectram, 229 
" evolved by combination of adds and 

bases, 810, 811 
" " by friction, 181 

by metallic predpitations, 806 
" " by percussion, 182 

" during combustion of com- 
pounds, 802 
" during decomposition, 801 

" " during moistening, 184 
during solidification, 262 
during solution of gases, 818 
in combining definite, 294 
" general effects of, 180 
Uimi, 246 

of gases, 286 
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Heat, htent, of liquids, 246 
" " of steam, 266 
" " of vapours, 268 
" loss of, prere^tedf 211 

measurement of, 192 ei teq, 
" mechanical equivalent of, 182 
" " theory o? 186 
" of interior of earU^ 184 
of voltaic circuit, 416 
oi^KMed to cohedon, 66 
" radiant, diffiraction of, 281 
" " eifiBCt of screens <m, 224 
" " polarization of, 281 
" " reflection o^ 217 
" " refraction of, 229 
" " refrangibility, change of, 281 
" relative absorbability of, 222 

separation of, from Ught, 230 
sources of, 181 
" specific, 282 
" " how modified, 288 
" " modes of measuring, 282 
" " of gases, 287 

of liquids and vapours com- 
pared, 289 
" of solids and Uquids com- 
pared, 236 
" relations of to atomic wdght, 

240 

" " rise of with rise of tempera- 
ture, 286 
«* unit defined, 800 
Heavy glass, magnetic polarization of, 488 

" diamagnetism of^ 499 
Heights, measurement of, by boiling point, 
269 

Helix, voltaic, 468 

Hemihedral crystals, artificial production of, 
98 

" forms of crystals, 108 
Hen^y's induction coils, 473, 476 
High pressure steam, 260 
Holohedral or homohedral forms of crys- 
tals, 108 

Homogeneous or monochromatic light, 120 
Homologous bodies, what, 808, fwte 
Hot-water oven, 264 
Hydro-electric machine, 869 
Hydrogen, cooUng effect on red-hot wire, 
410 

scale of equivalents, 16 
** spectrum of, 166 
Hydrometer, 83 

Hygrometer, Darnell's dew-point, 281 
*' wet-bulb, 282 

Ice expands in freezing, 100 
" formed by radiation in India, 221 
" liquefaction of, by pressure, 249, note 

machines, 261, note 
" separation of salts from, in freezing, 94 
" spiecific gravity of, 100 
" " heat of, 267 
Iceland spar, double refraction of, 168 
Ignition, colour of light produced by, 121 
Impressions of light on tiie retina, duration 
of, 127 



Incandescence not combxi6tlon,'121 
Inclination, or magnetic dip, 820 
Index of refraction, 182 
Induced currents from Iieyden jar, 476 
Induction, electric, 330 
magnetic, 316 
" magneto-electric, 4<j4 
" specific, 846 
" volta-electric, 466 
Insulating power of gases fbr electricity, 

specific, 864 
Insulation, electric, 826 
Intensity of earth's magnetism, 821 

" of electric charge, 884 
Interference of Hght, 1 64 
Iodide of mercury, dimorphism o^ 116 
Ions, voltaic, 419 

unequal transfer of^ 429 
Iron, expansion of, by heat, 196, 199 . 
inactivity of, in nitric acid, 890 
magnetic induction of, 816 
" structure altered by vibration, 101 
" specific heat o^ 238 
Isomorphism, 112 
Isomorphous groups, 116 

JovLB, experiments of, on mechanical 
equivalent of heat, 188, twU 

Eesper of the magnet, 818 
Kilogramme, 29 
Kilometre, 29 . 

Lampblack, absorption of radiant heat by, 

228 

Land and sea breezes, 216 
Latent heat (see heat, latent), 246 
Lateral electric discharge, 848 
Law of gaseous division, 87 » 
" ** volumes, 24 
of sines for light, 182 
Laws of chemical combination, 12 
Lead, peculiar expansion of, by heat, 187 
Left-handed circular polarization, 178 
Lengthening of bodies while sounding, 126 
Lens, convex, 184 

Leslie's apparatus for freezmg water, 262 
Leyden jar, 840 

" " theory of its charge, 842 
" " with moveable coatings, 841 
Lichtenberg's elecrtric figures, 336 
Liebig's condenser, 269 
Light, analysis of, by absorption, 188 
" change of refrangibility, 167 
chemical effects of, 168, 169 
" diminishes as square of distance, 128 
^ double refraction of, 168 
" electric, 414 

emitted during crystallization, 128 
** frequency of its undulations, 168 
of ignited bodies, colours o^ 121 
" polarized (see polarization), 170 
prismatic analysis of, 187 
reflection of, 129 
" refraction of, 181 

retarded in denser media, 162 
scattering ot; 180 



INDEX. 



6ii 



U^t, flonms qC 121 
theories of; 128 
total Teflection of; 184 
" velocity of, 1«8 
Lightning conductord, 860, 861 

effects of, exemplified, 861 
" identity of, with electricity, 860 
lime and its compounds less soluble in hot 

than in cold water, 64 
Lunpidity and viscosity of liquids, 64 
Linear expansion of solids by heat, 188 
Lines of spectrum, influence of temperature 

on, 160 
Liquefaction of gases, 284 
Liquids, adhesion between, 66 

^ circular polarization of; 178 

" cohesion of, 68 

**' compressibility of, 86 

conductivity for heat, 210 
" diflPiision of, 67 

efflux of, through fine tubes, 77 
expansion of, by heat, 188 
latent heat of, 246 
specific goivity of, 81 
transpiration, influence of compo- 
sition on, 80 
transpiration of, Poiseuille's ex- 
periments on, 77 
" voltaic conductivity of, 411 
Lithium, spectrum of, 161, 162 
Litmus-paper, 6 
Litre, 29 
Loadstone, 814 

" origin of its magnetism, 828 
Local action in voltaic circuit, 876 
Lutes and cements, 67 

llAONKT, effect of fracture, 816 

" influence of, on voltaic arc, 469, 
472 

" marked, or north end, 814 
" rotation of, round wire, 468 
Magnetic attraction and repulsion, 816 
" batteries, 818 
*\ equator of the earth, 821 

field, 491 
" induction, 816 

intensity, how measured, 819 
" metals, 496 

needle disturbed by aurora, 868 
" '* effect of current on, 366 
" polarization of light, 180, 488 
poles of the earth, 320 
storms, 822 
Magnetism a polar force, 814 

effect of heat on, 818 
" effect of friction, Ac., 818 
" induced by electric currents, 
366, 462 

" not observed in all bodies, 490 

" of liquid of voltaic circuit, 867 

" of the earth, 319 

" permanent, 817 

" temporary, 816 
Magneto-electric induction, 466 
" " light, 480 
(« maohinee, 478 



Magnets, molecular movonents In, 468 

" preparation of, 817 
Manganese, oxychloride, absorptive bands 
in spectrum of, 144 

" magnetism of its salts, 491 
Malleability and ductility, 68 
Manometer, 44 

Map of portion of solar spectrum, 166 
Mariner^s compass, 814 
Marriotte*s law, its failure at great pres* 
sures, 287 
law of elasticity of gases, 36 
Matter when burned not destroyed, 10 
Maximum density of vapours, 276 
Measurement of hdghts by barometer, 60 

" by bouing-pomt, 269 
Mechanical theory of heat, 186 
Medium for light, 130 
Melloni*8 apparatus for radiant heat, 226 
Mdtmg-points, constant, 248 

effect of pressure on, 249, 
note 

" • table of, 248 
Mercurial calorimeter, 806 
" thermometer, 198 
" trough, 48 
Mercury, capillary depression of, 69 
" compressibility of, 86 
" evaporation of, 276 

freezing of, 247, 286 
" frozen in red-hot capsule, 294 
iodide of, dimorphism of, 117 
" latent heat of, 246 
** specific heat of, 237 
" varying expansion of, with tem- 
perature, 196 
water and air, relative weights of, 
42, 710^ 

Metallic fihns, diathermacy of, 226 
Metallo-chromes, 486 

Metals, conductivity for electricity, 408, 409 
" « heat, 209 

diathermacy of, 226 
^ expan^on 188 
" thermo-electric order of; 488 

Metameric bodies, what, 308 

Metre, 28 

Millignunme, 29 

MilBmetre, 29 

Minerals, artificial, crystallization o^ 96 
Mirror, concave, 131 

" plane, 129 
Mixture distinguished from combhiation. 8 
Moiree metaUique, 101 
Moistening, heat emitted by, 184 
Molecule distinguished from atom, 26, note 
Molecular forces, 36 
Monad elements, 20 
Moonlight, littie heat of, 230 
Motion of particles by electric action, 481 

" signal of force, 600 
Multiple proportion, law of, 18 
Muscular electric current, 487 
Musical notes, ratio of vibrations, 126 

Nascent state of bodies, 486 
Negative doubly refracting crystals, 169 
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Nentnlizatioii, 
KewUm^B rings, 107 
Nickel, magnetic, 810 
NicoPs prism, 179, note 
Nitrogen, spectrum (^160 
Nitrous acid, absorption bands in spectrum 
of, 144 

" oxide evolvefl heat daring decom- 
position, 801 
Nodal points and lines, 126 
Non-metallic elements, list o^ 2 
Notation by symbols, 26 
Nudei, influence of, on crystallization, 97 

Oblique system of crystals. 111 

Octohedron, relation to the cube, 107 

Ohm's theory of voltaic current, 896 

Oils, refractiye power ofj on Ught, 187 

Opacity, degrees of^ 127 

Optic axis of a crystal, 169 

relation to magnetism, 497 

Osmometer, 72 

Osmose, 77 

influence of septum on, 78 
" negative, 78 
" positive, 78 

Osmotic force, measurement of^ 74 

Oxygen, magnetism of, 494 

scale of equivalents, 16 
solubility of, in water, 82 

Papeb, splitting of, 67 
Papin*s digester, 261 
Paramagnetic bodies, 494, note 
Peltier's thermo-electric experiments, 486 
Pendulum, seconds, length of^ 28, note 
Perchlorate of potassium formed by elec- 
trolysis, 486 
Percussion, heat produced by, 182 
Peroxides of the metals, voltaic actions by, 
881 

Perpetual snow, 286 
Phosphorescence of animal matter, 122 

" of heated mmerals, 122 

Phosphori, sohtr, 160 
Phosphorogenic rays of spectrum, 169 
Phosphoroscope, BecquerePs, 160 
Phosphorus, allotropic modifications of, 118 

" * diamagnetic powers oty 492 
Photometer, principle of, 129 
Phyedcal and chemical properties of bodies, 2 

states of matter, 8 
Pitch of sound, 124 
Phme of polarization, 178 
Plate electrical machine, 887 
Plating by magneto-electricity, 480 
Platinu^ed silver, voltaic use of, 890 
Platinode, cathode, or negative pole, 419 
Platinum black, its action on gases, 84 
Pneumatic trough, 47 
Points, action of on electricity, 886 
Poiseuille's expeiimciits on liquid transpi- 
ration, 77 
Polar forces, 816 
Polarization by reflection, 171 

** coloured circular, 178 
electric, 882 



Polarizalicm of electrodes, 884 
of heat, 281 

of light by doable refractioD, 

170 
plane of; 178 
** voltaic, 878 
Polarized Ught, colours developed by, 176 
" " difference frcon common 
light, 178 

Polarizing angle, law of its variation, 171 

«* bundles, 174 
Poles of voltaic battery, 418, 419 
Polymeric bodies, what, 202, note 
Porosity, illustrations of^ 8 
Porous diaphragms, use of, 887 
Positive and negative electricity, how dis* 
tinguished, 866 

" doubly refracting crystals, 170 
Potassium, spectrum of, 161, 162 
Pound, avoirdupois, what, 28 
Pressure ^uge, 44 

mfluence of; on boiling-point, 268 
of condensed gases, curves of; 290 

" of the air, 46, 
Prime conductor of electrical machine, 836 
Princiiml section of a crystal, 170, note 
Prism, its effects on rays of light, 184, IZI 
Prismatic spectrum, 187 

system of crystals. 111 
Proof-plane for electricity, 888 
Pseudomorphous bodies, 106 
Pump for water, 42 
Pyramidal system of crystals, 109 
Pyrometer, Daniell's, 197 

QuABTZ, coloured drcular polarization o( 
178 

its vaitie for spectrum examina* 

tion, 168, 169 
right and left-handed, 178 
Quinia, ral^^te, fluorescence >of; 167 

Radiast beat, see Heat, radiant 

" power of heat proportioned to ab- 
sorption, 219 
Radiation, law of, cooling by, 222 

" of heat, 217 
Rain, Button's theory of, 284 
Ray of light, 127 
Reaumur's liiermometer, 198 
Red-cabbage test for add or alkali, 6 
Reflection of heat, 218 

" of light from curved surfaces, 18G 

« " " plane surfaces, 129 

" total, of liffht, 184 
Refraction at inclined surfaces, 188 
of light, law of smes, 182 

" " simple, 181 

" of radiant heat, 229 
Refrangibility of light, change in, 166 
Refractive index defined, 182 

" power, effect of heat on, 140 
measurement of; 186 

" " of gases, 188 
Regelation of ice, 261 
R^ular system of crystals, 107, 108 
Replacement of edge of a crystal, 102 
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Residual electric charge, 848 
Resistance coils, 402 

Retina, impression of light prolonged, 127 
Revolving mirror, applied by Wheatstone, 

363 
Rheostat, 401 

Rhombic dodecahedron, relation to the 

cube, lOY, 108 
Rhombohedral system of crystals, 110 
Right-handed circular polarization, 178 
Rock crystal, conducting of heat by, 212 
Rock salt, its high diathermic power, 225, 

228 

Rubidium, spectrum reactions of^ discovery 
by, 160 
" " of, 151, 162 

Ruhmkorff*s induction coil, 468 
Rumford^s experiments on heat of friction, 
182 

Salts, effect of, in lowering freezing-point, 
250 

" " solution on boiling-point, 
267 

** general characters of, 6 

of magnetic metals are magnetic, 49 1 
Saturation, 63 
Scale of hardness, 53 
Scales of equivalents, 116 
Scattering of light, 130 
Searwater, maximum density of, 200 

" freezing point of, 250, note 
Secondary electric currents, 469, 474 
Seconds pendulum, length of, 28, note 
Selenite, colours of, in polarized light, 176 
Shell-lac, insulating power of, 326 
Snowflakes, crystalline forms of, 95 
Sodium clilorate, circular polarization by, 
178 

" hemihedral form of, how obtained, 
98 

" spectrum of, 151, 152, 166 
" sulphate, electrolysis of, 426 
« ** of, solubiUty of, 64 
Solar heat on earth, 246 

" spots, connexion of with magnetism 
of earth, 322 
Solidification, expansion or contraction at- 
tending, 100 
Solids, bulk of, not immediately altered by 
cold, 200 
" expansion of by heat, 188 
Solubility sometimes diminished by heat, 64 
Solution, forces concerned in, 63 
Sound, interference of waves of, 164 

produced during magnetization, 464 
" the result of undulations, 1 24 
** varieties of, 124 
" velocity of, 120, note, 126 
Sounding, deep sea, 50 
Spark, electric, circumstances which influ- 
ence, 356 
Specific electric induction, 346 
" electricity, 438 
** gravity, 30 

** " of compound gases, how 
calculated, 203 

33 



Specific gravity of gases, determination of, 
201 

" " of liquids, 31 

" " of powders, 83 

" " ofsoUds, 82 
" ** " Ughter than water, 
34 

" ** of soluble solids, 33 
" ** of vapours, 204 

heat of elements (see Heat, spo> 
cific), 240, 241 
Spectra of coloured flames, 146 

" of gases, effects of heat on, 166 
" " Pliicker's experiments on, 
146 

" photographs of, 162 

** projection of, on screen, 163 
Spectroscope, 147 
Spectrum analysis, 147 

" chemical actions of, 159 

" fixed lines of, 141 

" heat, rays of, 169 

" prismatic, 137 

" reactions, delicacy of, 149 
Spheroidal state, 292 
Spring, analogy with electric action, 329 
Springs, how formed, 280 
Standard temperature for specific gravitiefl, 
30 

" pressure for gases, note pp. 30, 49 
Standards of weight and measure, 28 ^ 
Steam, electricity of, 369 

" hot bath, 254 

" jet, 267 

" latent heat of, 266 

" specific heat of, 239 
St. Elmo's fire, 363 
Still and worm-tub, 268 

" Coffey's, 271 
Stratified electric discharge, 470 
Striking distance of electric sparis, 863 
Strontium, spectrum of, 151 

" sulphide, phosphorescence ot 
162 

Structure, infiuence of, on conduction bf 
heat, 212 

Substitution, formation of compounds by, 11 
Sugar, circular polarization of, 178 
Sulphate of copper, its use in" voltaic cir- 
cuit, 386 

" of mercury, use in telegrapnic 
battery, 461 
. " of sodium, anomalous solubility 
of, 64 

" " sudden crystallization 

of, 97 

Sulphur, allotropic modifications of, 118 
" burning, fluorescent light of, 158 
" dimorphism of, 116 
" vapour, spectrum of, 156 

Sulphurous anhydride, spheroidal state f)fl 
294 

Sun spots, connexion with earth's magno 

tism, 322 
Symbolic notations, 26 
Symmetry of crystals, 106 
Syphon, 46 
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Tablx of atomic and specific heat of com- 
pounds, 243-246 
** " and specific heat of ele- 

ments, 241 
of absorption of gases of charcoal, 
83, 84- 

" of atomic weights of elements, 21 , 22 

** of boiling-points, 255 

** " point of water at different 

pressures, 269 
" of bulk of vapours from equal bulk 

of liquids, 266 
** of Cagniard de Latour's experiments, 

289 

" of capillary action, 59 
** of compressibility of liquids, 36 
" of condensed gases, 290 
** of decrease of temperature with alti- 
tude, 239 

" of density of air at different heights, 

50 

" of diamagnetic bodies, 496 
" of diathermacy of gases and va- 
pours, 227, 228 
** " of solids and li- 

quids, 226 
" of diffusion of gases, 88 
" " of solutions, 68 

** of effect of salts on boiling-point, 258 
** of efflux of liquids through tine tubes, 
79, 80 

** of electro-chemical order, 378, 379 
** of equivalents of elements, 17, 18 
of evaporation at different seasons, 
282 

** " in vacuo, 277 

" of expansion of ga^^es by heat, 191 
" " of liquids bv heat, 189 

" of solids by heat, 188 
" of fusing points, 248 
** of Greenwich factors for wet-bulb, 
283 

, " of hardness of minerals, 53 
" of heat absorbed during solution of 
salts, 312 

" " evolved during solution of 

gases, 313 
" " given out by combustion in 

chlorine and bromine, 300 
" " given out by combustion in 

oxygen, 299 
" of increase of mean dilatation by 
heat, 196 

" of influence of salts on boiling-point, 

258 

" of intervals on musical scale, 125 
** of isomorphous groups, 115 

of latent and sensible heat of steam, 
206 

" " heat of liquids, 246 

" " " of vapours^ 266 

" of linear expansion of solids by heat, 
188 

" of magnetic and diamagnetic bodies, 
496 

'* of r^^ge of temperatures, 198 
** of iwftactive powers of gases, 138 



Table of refractive power of oik, 187 

of rise of specific heat with rise ol 
temperature, 286 
• ** of solubility of gases, 82 
" of specific heat of gases and vapoara, 
237, 238 

" " " of liquids and vsp 

pours, 239 
" " " of solids and liquidg, 

237 

of temperature of high pressure 

steam, 260 
** of tension of vapours, 274, 276 
" of thermo-electric order of metals, 

484 

" of transpiration of gases, 91 
" " of vapours, 91 

*' of voltaic conductivity of metals, 
408, 409 

" " " of liquids, 

411, 412 

Tabular crystals, relation of, to prismatic, 
109 

Tangent galvanometer, 450 
Teinte de paasagey 180 
Telegraph, electric, 461 
Tellurium, its high thermo-electric power, 
486 

Temperature, absolute zero, 246, note 

distinguished from heat, 186 
increase of, at increasing 
depths of the earth, If^ 
" table of various, 198 
Tension of vapours, 274 
Tessular system of crystals, 107 
Tetartohcdral forms of crystals, 108 
Tetrad elements, 20 
Tetrahedron, relation to the cube, 108 
Thallium, discovery of, by spectrum reao 
tion, 150 
" spectrum of, 151, 152 
Thermochrosis, or calorific tint, 229 
Thermo-electricity, 481 
Thermo-electric efl'ects, reversal of, by heat, 
482 

" order of metals, 483 

" thermometer, 482 

Thermometer, alteration of freezing point 
in^ 194 

" Breguet's metallic, 196 
" comparison of various scales, 
193 

" graduation of, 193 
" self-registering, 195 
" tests of its accuracy, 194 

maximum and minimum, 
195 

Thermo-multiplier, 488 
Thunder, 861 
Timbre, 124 
Torpedo, 486 

Total reflection of light, 134 
Tourmaline becomes electric while heatiog 
or cooUng, 358 
" polarizing action of, 171 
Trade winds, 216 

Transfer of solids in volttdc arc, 416 
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Tituigfer of ions by yoltiuo action, 419, 429 

Translucency, 127 

Transparency never perfect, 127 

Transpiration of gases, 89 

Triad elements, 2o 

Trimorphous bodies, 117 

Truncation of an angle of a crystal, 102 

Tuning fork, 124 

Turmeric paper, 6 

Unannealxd glass, action on polarized 

light, 177 
Undulation, mechanism of, 126 
Uniaxal doubly refracting crystals, 170 
Unit of heat, 182, note 

" jar, HaiTis's, 344 
Universal electric discharger, 350 
Uranium compounds, fluorescence of, 158 

Valyl, formed during electrolysis, 435 
Vapour, maximum density of, 276 
Vapours, Dalton^s law of tensions, 274 
" expansion of» by heat, 190 
" latent heat of, 263 
" specific gravity of, how ascer- 
tained, 204 
" tension of, 273 
" " of saline solutions, 278 

" transpiration of, 91 
Variation or declination of a magnet, 820 
Velocity of electric discharge, 362, 363 
" light, 163 
" sound, 124 
Ventilation, 215 
Viscosity and limpidity, 54 
Volta-electric induction, 466 
Voltaic arc, 413 

" " stratified, 473 
" battery, Bunsen's, 889 
** " cause of decline in power, 
887 

" " chemical effects of, 41B et 
seq. 

" " Daniell's, 887 
" " floating, 457 

" " gas, 385 

" " Grove's, 389 

• " Smee's, 890 
" circuits, compound, 395 
** " elementary, 366 
•« ** simple, 394 



Voltiuc conduction, how measured, 406 
" conductivity of alloys, 409 
" convection, 418 
" current, 875 

" ** decomposition by, 397 
" ** proportioned to chemical 

action, 876 
" ** resistances to, 891 

discharge, modes of, 404 
" pile. 871 
Voltameter, 398 

" counter-current of, 400 

Warmino of buildmgs by hot water, 218 

" " by steam, 253 

Water, air, and mercury, relative weight! 
of, 42, note 
**■ barometer, 43 
" battery, 448 

compressibility of, 36 
** expansion of by cooling, 200 
" freezing of, in red-hot capsule, 294 
** frozen by its own evapomtion, 262 
" latent heat of, 246 
" liquid below freezing, sudden crys 

tallization of, 97 
** maximum density of, 200 
" not an electrolyte, 427 
" protected from fi'eezing by anoma- 
lous expansion, 214 
separation of salts from, in freesdng, 
94 

" specific heat of, 237 

" weight of cubic inch of, 28 
Waves of light, length of, 164 
Weight of a body, what. 28 

" air, how proved, 41 

" ** Prout*s and Regnault'a ex- 
periments on, 41 
Weights and measures, English, 28 
Weiss's systems of crystals, 107 
Wet-bulb hygrometer, 283 
Wheatstonc's measurement of velocity of 

electricity, 852 
Wood, conduction of heat by, 212 

Zambon^s pile, 448 

Zeolites, late formation of, at Flombi^refc 

96 

JSincode, anode, or positive pole, 419 
hottest in voltaic arc, 41t 
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